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ABSTRACT 
T h i s  r e p o r t  p r e s e n t s  t h e  r e s u l t s  of a  s tudy of f o l d i n g  tilt 
r o t o r  (stowed r o t o r )  a i r c r a f t .  The e f f e c t s  of des ign  c r u i s e  
speed on t h e  g r o s s  weight of a  conceptual  des ign  USAF Search 
and Rescue stowed r o t o r  a i r c r a f t  a r e  shown and a  comparison 
i s  made w i t h  a  convent ional  (non-folding) tilt r o t o r  a i r c r a f t .  
A f l i g h t  r e sea rch  stowed r o t o r  des ign  i s  p resen ted ,  based on 
modif ica t ions  t o  t h e  NASA/Army tilt r o t o r  demonstrator  a i r -  
c r a f t  (Boeing Model 2 2 2 ) .  The program p l a n s ,  inc lud ing  c o s t s  
and schedules ,  a r e  shown f o r  t h e  r e s e a r c h  a i r c r a f t  development 
and a  wind tunne l  p l a n  is  presented  f o r  a  f u l l  s c a l e  test  of 
t h e  a i r c r a f t .  
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1 . 0  SUMMARY 
Thi s  r e p o r t  p r e s e n t s  t h e  r e s u l t s  o f  a  s t u d y  of  f o l d i n g  tilt 
r o t o r  (stowed r o t o r )  a i r c r a f t .  The stowed r o t o r  i s  a v a r i a -  
t i o n  of t h e  b a s i c  tilt r o t o r  d e s i g n  and  has  r o t o r s  which can  
be  s topped  ( f e a t h e r e d )  and f o l d e d  i n  f i i g h t  i n t o  smoothly 
f a i r e d  wing t i p  n a c e l l e s  w h i l e  p r o p u l s i o n  i s  provided  by c r u i s e  
f a n s .  The advantage  of  t h i s  concep t  o v e r  t h e  b a s i c  tilt r o t o r  
is  t h a t  it i s  c a p a b l e  of  h i g h e r  cruise speeds  
w h i l e  r e t a i n i n g  t h e  low speed  r o t o r - b o r n e  a g i l i t y  and hover  
c a p a b i l i t y  of  t h e  tilt r o t o r .  T h i s  s t u d y  i s  a  fol low-on 
c o u n t e r p a r t  t o  a  s t u d y  performed i n  1971-72 on  tilt r o t o r  a i r-  
c r a f t  and i n c l u d e s  i d e n t i c a l  c o n s i d e r a t i o n s :  
Conceptual  d e s i g n  of  u s e f u l  a i r c r a f t  f o r  t h e  
1975-80 t ime  p e r i o d  
P r e l i m i n a r y  d e s i g n  of a  r e s e a r c h  a i r c r a f t  f o r  
proof-of-concept  d e m o n s t r a t i o n  
Program p l a n s ,  cost ,  and s c h e d u l e s  f o r  a  
r e s e a r c h  a i r c r a f t  program 
T e s t  p l a n  f o r  a  f u l l  s c a l e  wind t u n n e l  t e s t  
of  t h e  r e s e a r c h  a i r , c r a f t  t o  t e  conducted 
p r i o r  t o  t h e  f l i g h t  t e s t  program 
The c o n c e p t u a l  d e s i g n  s t u d y  ( p a r t  a )  i n c l u d e s  a  d i r e c t  compari-  
son  of tilt r o t o r  and stowed r o t o r  a i r c r a f t  f o r  a  r a n g e  of de- 
s i g n  c r u i s e  speeds  from 300 k n o t s  t o  450 k n o t s  f o r  a  USAF 
Sea rch  and Rescue (SAR) miss ion .  A g r o s s  weight  c r o s s - o v e r  
p o i n t  i s  shown t o  e x i s t  a t  abou t  360 k n o t s  d e s i g n  :peed. For 
r e q u i r e d  c r u i s e  speeds  i n  e x c e s s  of t h a t  c ro s s -ove r  p o i n t ,  t h e  
D222-10060-1 
stowed r o t o r  i s  l i g h t e r  than  t h e  tilt r o t o r  while  t h e  tilt 
r o t o r  i s  l i g h t e r  a t  t h e  lower speeds. The des ign  g r o s s  weight 
i s  shown t o  i n c r e a s e  r a p i d l y  wi th  c r u i s e  speed above t h e  speed 
a t  which c r u i s e  and hover requirements  f o r  i n s t a l l e d  power 
e x a c t l y  match. Based on t h a t  c o n s i d e r a t i o n ,  d e s i g n  p o i n t  a i r -  
c r a f t  were s e l e c t e d  f o r  both  tilt r o t o r  and stowed r o t o r  con- 
c e p t s ,  each wi th  c l o s e l y  matched c r u i s e  and hover requirements .  
The stowed r o t o r ,  6esigned f o r  400 knots  c r u i s e  speed,  weighs 
19070 pounds and uses  30.3 f o o t  d iameter  r o t o r s .  The tilt 
r o t o r ,  designed f o r  a 300 knot  c r u i s e  c a p a b i l i t y ,  weighs 
15 ,631 pounds and has 27 f o o t  r o t o r s .  
4 ~ l i c a -  The pre l iminary  des ign  s tudy ( p a r t  b) d i s c u s s e s  t h e  mod" 
t i o n s  requ i red  t o  t h e  Boaing Model 222 tilt r o t o r  r e s e a r c h  
a i r c r a f t  i n  o r d e r  t o  demonstrate  stowed r o t o r  c a p a b i l i t i e s .  
The a i r c r a f t  uses  t h e  26 f o o t  diameter  r o t o r s  designed f o r  t h e  
Model 222, one of which has been b u i l t  and s u c c e s s f u l l y  t e s t e d  
i n  t h e  NASA A m e s  4 0  f t  x  80 f t  wind tunne l .  The r o t o ~  hubs 
were modified t o  permit  f o l d i n g  of t h e  b lades .  The Lycoming 
T53-L-13B (modif ied)  engines of t h e  Model 222 a r e  r e t a i n e d  
f o r  r o t o r  d r i v e ,  a l though they a r e  moved inboard t o  approxi-  
mately 80% span t o  f a c i l i t a t e  f o l d i n g  of t h e  b lades .  For 
c r u i s e  f l i g h t ,  G a r r e t t  Airesearch  TFE-731-2 tu rbofans  a r e  
mounted on t h e  wing f u r t h e r  inboard (approximately 55% s p a n ) .  
Design g ross  weight f o r  t h e  a i r c r a f t  i s  15,750 pounds compared 
t o  t h e  12,000 pounds of t h e  March 1972 tilt r o t o r  demonstrator  
a i r c r a f t .  
2 
2 . 0  INTRODUCTION 
I n  March 1972, t h e  Boeing Company completed a s t u d y  of t i l t  
r o t o r  a i r c r a f t  (References  1 through  4 )  under  t h e  j o i n t  spon- 
s o r s h i p  of  NASA and t h e  U . S .  Army. Tha t  s t u d y  covered  t h e  
concep tua l  d e s i g n  o f  u s e f u l  m i l i t a r y  and c i v i l  t ilt r o t o r  
a i r c r a f t  f o r  t h e  1975-1980 t ime  p e r i o d ,  t h e  p r e l i m i n a r y  d e s i g n  
of a  f l i g h t  r e s e a r c h  a i r c r a f t ,  program c o s t s  and s c h e d u l e s ,  
and t h e  development of a wind t u n n e l  t e s t  p l a n  f o r  a  f u l l  
s c a l e  tilt r o t o r  test. I t  w a s  shown t h a t  t h e  e x i s t i n g  tech-  
nology base  i s  s u f f i c i e n t  t o  s t a r t  b u i l d i n g  a  t echnology  
demons t ra tor  a i r c r a f t  now, l e a d i n g  t o  u s e f u l  t i l t - r o t o r  a i r-  
c r a f t  f o r  m i l i t a r y  and/or  c i v i l  a p p l i c a t i o n s  i n  t h e  1975-1980 
t ime p e r i o d .  Tha t  s t u d y  was p a r t  of a  c u r r e n t  NASA/Army- 
sponsored  program t o  d e s i g n  and deve lop  two f l i g h t  r e s e a r c h  
tilt r o t o r  a i r c r a f t ,  p r o v i d i n g  f i n a l  v e r i f i c a t i o n  of t h e  
s t a t u s  of t echnology  and demons t r a t i ng  t h e  o p e r a t i o n a l  poten-  
t i a l  o f  t h e  tilt r o t o r  concep t .  
Concur r en t ly  w i t h  t h e  development of tilt r o t o r  t e chno logy ,  
suppor t ed  p r i m a r i l y  by NASA, t h e  U.S. Army, and t h e  a i r c r a f t  
~ n d u s t r y ,  s c u d i e s  have been conducted under  U.S. A i r  Force  
s p o n s o r s h i p  of t h e  f o l d i n g - t i l t - r o t o r  a i r c r a f t .  Th i s  c o n c e p t ,  
a  v a r i a t i o n  o f  t h e  b a s i c  tilt r o t o r ,  i s  des igned  w i t h  r o t o r s  
which can  be  s topped  i n  f l i g h t  s o  t h a t  t h e  b l a d e s  can  be f o l d e d  
i n t o  wing-tip-mounted n a c e l l e s .  P r o p u l s i o n  i s  p rov ided  by  
c o n v e r t i b l e  eng ines  which a r e  c a p a b l e  of supp ly ing  s h a f t  power 
f o r  t h e  r o t o r - d r i v e  o r  f a n  power f o r  c r u i s e  f l i g h t .  
Boeing s t u d i e s  conducted i n  1971 f o r  t h e  U.S. A i r  Force F l i g h t  
Dynamics Labora tory  (Reference 5 )  were c e n t e r e d  on  stowed r o t o r  
a i r c r a f t  f o r  t h r e e  d i f f e r e n t  mi s s ions  - r e s c u e ,  c a p s u l e  re- 
covery,  and t r a n s p o r t .  T h e s e . a i r c r a f t  weighed between 67,000 
..nl 35,000 pounds, based on t h e  requi rement  t o  meet v e r y  s t r i n -  
g e r ; .  m i s s ion  c r i t e r i a .  For example, t h e  s e a r c h  and r e s c u e  
~ i r c r a f t  a t  67,000 pounds c a r r i e d  a crew of f i v e ,  p icked  up 
1290 pounds of r e s c u e e s  (6 men) a t  t h e  mid p o i n t  of a 500 n.m. 
r a d j u s  h i - l o - l o - h i  m i s s i o n  and was r e q u i r e d  t o  hover a t  mid 
p o i i t  w i t h  one eng ine  i n o ~ ~ r a t i v e .  By comparison,  t h e  s e a r c h  
and r e s c u e  tilt r o t o r  a i r c r a f t  of  t h e  r e c e n t  NASA/Army s t u d y ,  
wi th  c a r e f u l l y  s e l e c t e d  r e d u c t i o n s  i n  mi s s ion  r equ i r emen t s ,  
weighed 16,970 pounds. T h i s  a i r c r a f t  f l e w  a 500 n.m. h i - h i  
r i s s i o n  w i t h  a crew of f o u r ,  p icked  up 3 r e s c u e e s  a t  mid p o i n t  
and d i d  n o t  have an  engine-out  requiremen::. 
1.1 a d d i t i o n  t o  t h e  concep tua l  d e s i g n  s t u d i e s  of  t h e  stowed tilt 
r o t o r  a i r c r a ~ t ,  a n a l y t i c  development and wind t u n n e l  tests 
(References  6 th rough 1 2 )  demons t ra ted  t h a t  t h e  a d d i t i o n a l  
tecixiology was a v a i l a b l e  t o  b r i d g e  t h e  gap between t h e  tilt 
r o t o r  and s t o w e d - t i l t - r o t o r  a i r c r a f t .  Development of a f l i g h t  
researl.:h a i r c b - A t  i s  t h e  nex t  l o g i c a l  s t e p .  
I n  1972, w i t h  t h e  growing i n t e r e s t  i n  t h e  tilt r o t o r  concep t  
and w ~ t h  t h e  development of a s t r o n g  NASA/Army program t o  
' t i l d  and f l i g h t - t e s t  two tilt r o t o r  r e s e a r c h  a i r c r a f t ,  t h e  
U.S. A i r  Force F l i g h t  Dynamics Labora tory  asked  Boeing, 
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through an add-on t o  t h e  NASA c o n t r a c t ,  t o  re-examine t h e  
stowed r o t o r  a i r c r a f t  program w i t h  t h e  f o l l o w i n g  o b j e c t i v e s :  
Compare t h e  p o t e n t i a l  o p e r a t i o n a l  c a p a b i l i t i e s  
of  t h e  stowed r o t o r  a i r c r a f t  w i t h  t h o s e  of one 
o r  more of  t h e  concep tua l  d e s i g n  tilt r o t o r  
c o n f i g u r a t i o n s  from t h e  NAsAIArmy s t u d y  u s i n g  
common d e s i g n  ground r u l e s .  
Do a  p r e l i m i n a r y  d e s i g n  of  a  stowed r o t o r  
r e s e a r c h  a i r c r a f t ,  based  on e i t h e r  modifying 
t h e  tilt r o t o r  f l i g h t  demons t ra tor  o r  on a  
new r e s e a r c h  a i r c r a f t  development.  
Def ine  t h e  program c o s t s  and schedu le s  t o  
deve lop  t h e  recommended r e s e a r c h  a i r c r a f t .  
E s t a b l i s h  a  p l a n  f o r  t h e  wind t u n n e l  t e s t  
o f  t h e  f u l l  s c a l e  stowed r o t o r  r e s e a r c h  a i r c r a f t .  
Th i s  r e p o r t  p r e s e n t s  t h e  r e s u l t s  of  t h a t  s tudy .  S e c t i o n  3 
d e s c r i b e s  t h e  concep tua l  d e s i g n  of u s e f u l  a i r c r a f t  f o r  t h e  
1975-80 t i m e  p e r i o d .  S e c t i o n  4 d i s c u s s e s  t h e  p r e l i m i n a r y  
d e s i g n  of a  stowed r o t o r  r e s e a r c h  a i r c r a f t .  S e c t i o n s  5 and 6 
p r e s e n t  p l a n s  f o r  t h e  r e s e a r c h  a i r c r a f t  development and wind 
t u n n e l  t e s t  r e s p e c t i v e l y .  
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3 . 0  CONCEPTUAL DESIGN OF STOWED ROTOR AIRCRAFT 
INTRODUCTION 
The concep tua l  d e s i g n  s t u d y  o f  u s e f u l  tilt r o t o r  a i r c r a f t  con- 
duc ted  by Boeing i n  1971-72 (Reference 1) r e s u l t e d  i n  showing 
t h a t  t h e  U . S .  A i r  Force  SAR (Search  and Rescue) mi s s ion  e f f e c -  
t i v e n e s s  can  be s i g n i f i c a n t l y  improved by a p p l i c a t i o n  of t h e  
tilt r o t o r  which combines t h e  c a p a b i l i t i e s  of t h e  h e l i c o p t e r s  
and f i x e d  wing a i r c r a f t  which a r e  c u r r e n t l y  used a s  a coo rd i -  
na t ed  r e s c u e  team. 
Three o t h e r  m i s s i o n s  were i d e n t i f i e d  i n  Reference  1 s tudy  as 
be ing  d e s i r a b l e  f o r  t h e  tilt r o t o r  b u t  were n o t  s t u d i e d  f o r  
stowed r o t o r  a p p l i c a t i o n  because improved speed was of less 
importance.  The o t h e r  mi s s ions  are a U.S. Army MAVS, U.S. Navy 
Sea Con t ro l  a i r c r a f t ,  and C i v i l  o f f s h o r e  o i l  r i g  s u p p o r t  a i r -  
c r a f t .  Of t h e  f o u r  m i s s i o n s ,  o n l y  t h e  USAF SAR would o b t a i n  
s u f f i c i e n t  a d d i t i o n a l  b e n e f i t  from t h e  i n c r e a s e d  speed capabi -  
l i t y  of t h e  stowed r o t o r  concept  t o  o f f s e t  i t s  a d d i t i o n a l  de- 
s i g n  and manufac tur ing  complexi ty  and i t s  i n c r e a s e d  s i z e  and 
c o s t .  
For t h e  SAR m i s r i o n ,  t h e  key f a c t o r  i s  t h e  r e a c t i o n  t i m e  of  t h e  
r e s c u e  system r e l a t i v e  t o  t h a t  of t h e  h o s t i l e  f o r c e  i n  t h e  
v i c i n i t y  of t h e  r e s c u e  s i te .  Improved r e s p o n s i v e n e s s  i s  
c l e a r l y  t h e  e lement  of g r e a t e s t  impor tance  f o r  a  s u c c e s s f u l  
r e s c u e .  Consequent ly ,  of  t h e  f o u r  m i s s i o n s  i d e n t i f i e d  
D222-100h0-1 
for the tilt rotor in the 1975-80 time period, only the SAR 
mission was re-examined for t.he stowed rotor concept. 
Early in the study the effort was broadened, at government 
request, to compare the effects of design cruise speed on the 
gross weight of the stowed rotor and the tilt rotor. Both 
stowed rotor and tilt rotor aircraft were studied over the 
range of design speeds from 300 knots to 450 knots. 
TRADEOFF STUDIES 
3.2.1 DESIGN CONSIDERATIONS 
3.2.1.1 Mission Profile 
The aircrafk defined in the study were sized to perform a 500 
NM Search and Rescue (SAR) mission (Figure 3-1). This is a 
"HI-HI" mission consisting of a takeoff at SL/9S°F, climb to 
optimum altitude, cruise out at NRP to the 500 NM radius, hover 
for 1/2 hour at 5000 ft/9S°F and recover three (3) rescuees, 
and return without inflight refueling. The optimum cruise 
altitude (based on minimum fuel) was found to be 20,000 ft. 
The aircraft were assumed to carry a four-man crew consisting 
of two pilots, a crew chief, and a paramedic. The mission load 
was specified as 150 lb of rescue equipment (litters, forest 
penetrator, rescue sling, etc.) , airborne electronics and 
equipment required to locate the rescuee, and a 5.56 m. machine 
gun and ammunition. 
The engines, rotors, and drive system were sized by an alternate 
mission requirement. This was that the aircraft be capable of 
hovering at the mission midpoint at T/W=1.1 with a total of 
seven rescuees - the additional four rescuees being the crew 
of a downed sister ship. It was assumed that inflight refuel- 
ing would be allowed under these conditions so that the mission 







































































































































































































































































































































































































































3.2.1 .2  Wing Design 
3.2 .1 .2 .1  Wing Planform 
I t  i s  d e s i r a b l e ,  f o r  a number of r e a s o n s ,  t o  u s e  an  unswept 
wing on t h e  stowed r o t o r  a i r c r a f t .  The r e a s o n s  a r e :  
1) The importance of p l a c i n g  t h e  l o n g i t u d i n a l  
p o s i t i o n  of t h e  n a c e l l e  h inge  i n  r e a s o n a b l e  
p rox imi ty  to  t h e  a i r c r a f t  c e n t e r  o f  g r a v i t y  
and t h e  wing aerodynamic c e n t e r ,  t o  r educe  
p i t c h  c o n t r o l  r equ i r emen t s  i n  hover .  
2 )  The geomet r i c  compl i ca t ions  r e l a t e d  t o  
wing- to- ro tor  c l e a r a n c e  and n a c e l l e  overhang 
which a r e  i n t roduced  w i t h  t h e  u se  of an  a f t  swept 
wing. 
3 )  Minimizat ion of  t o o l i n g  and m a t e r i a l s  complexi ty  
and o v e r a l l  r e d u c t i o n  i n  manufac tur ing  c o s t  
i n h e r e n t  t o  t h e  s t r a i g h t ,  un t ape red  wing des ign .  
4 )  The e l i m i n a t i o n  o f  e i t h e r  a b e v e l  box o r  a 
u n i v e r s a l  coup l ing  f o r  t h e  i n t e r c o n n e c t i n g  
c r o s s  s h a f t  a t  t h e  c e n t e r  of t h e  f u s e l a g e  which 
would be r e q u i r e d  w i t h  a swept wing. 
For t h e s e  r e a s o n s ,  a s t r a i g h t ,  un t ape red  wing was s e l e c t e d  f o r  
t h e  a i r c r a f t  i n  t h i s  s t u d y .  
3.2.1 .2 .2  A i r f o i l  S e c t i o n  and Thickness  
The s e l e c t i o n  of a  s t r a i g h t ,  un t ape red  wing immediately l e d  t o  
a  s tudy  of  wing t h i c k n e s s  and i t s  r e l a t i o n s h i p  t o  d r a g  d i v e r -  
gence Mach number. Thick wings a r e  d e s i r a b l e  bo th  from a  
we igh t - fo r - s t r eng th  c o n s i d e r a t i o n  and t o  p rov ide  adequa te  
s t i f f n e s s  t o  e l i m i n a t e  p o t e n t i a l  dynamic problems w i t h  a i r  
resonance  o r  w h i r l  f l u t t e r  ( a l t hough  t h i s  l a t t e r  mode i s  n o t  
a c o n s i d e r a t i o n  f o r  t h e  stowed r o t o r  s i n c e  i t s  h igh  speed 
f l i g h t  i s  w i t h  r o t o r s  f o l d e d ,  it i s  a  p o t e n t i a l  problem fo,  
t h e  tilt r o t o r ) .  Wing s t r e n g t h  i s  a  p a r t i c u l a r l y  impor t an t  
c o n s i d e r a t i o n  f o r  t h e s e  c o n f i g u r a t i o n s ,  s i n c e  t h e y  zze  l i t e r a l l y  
picked-up by t h e  wing t i p s  i n  hover  f l i g h t .  Although t h i c k  
wings p rov ide  t h e  needed s t r e n g t h  and s t i f f n e s s  a t  minimum 
weight ,  t h e y  a l s o  reduce  t h e  d r a g  d ive rgence  Mach number. 
The stowed r o t o r  a i r c r a f t  cons ide red  i n  t h i s  s t u d y  have f l i g h t  
Mach numbers up t o  0.732 (450  k n o t s  a t  20 ,000  f o o t  a l t i t u d e ) .  
Use of conven t iona l  NACA a i r f o i l  s e c t i o n s  would r e q u i r e  wing 
t h i c k n e s s  no g r e a t e r  t h a n  13% t o  avo id  d r a g  d ive rgence  a t  t h o s e  
f l i g h t  speeds .  T h i s  would r e s u l t  i n  a  s i g n i f i c a n t  weight  
p e n a l t y  r e l a t i v e  t o  t h e  tilt r o t o r  a i r c r a f t  of Reference  1 
which used a i r f o i l s  of 21% t h i c k n e s s ,  
F o r t u n a t e l y ,  r e c e n t  r e s e a r c h  h a s  l e d  t o  t h e  development of t h e  
s u p e r c r i t i c a l  a i r f o i l  and h a s  d r a m a t i c a l l y  i n c r e a s e d  t h e  d rag  
d ive rgence  Mach number f o r  t h i c k  a i r f o i l s .  F i g u r e  3-2 compares 














































































































































w i t h  t o d a y ' s  advanced t ~ h n o l o g y  a i r f o i l .  Th i s  i n d i c a t e s  t h a t  
a 21% t h i c k  s e c t i o n  can be  used  w h i l e  m a i n t a i n i n g  a d r a g  d i v e r -  
gence Mach number of 0 . 7 5 ,  t h u s  meet ing  t h e  f l i g h t  requi rements  
f o r  a i r c r a f t  des igned  f o r  speeds  up t o  460 k n o t s .  A s  a r e s u l t  
of t h e s e  c o n s i d e r a t i o n s ,  t h e  wing t h i c k n e s s  was s e l e c t e d  a s  
21%. 
3.2.1.2.3 Win5 Loading 
A l i m i t  i s  impocad on wing load ing  by b l a d e  l o a d s  encountered  
d ~ r i n g  conve r s ion  ( r o t o r  s p i n  up/down, f o l d / u n f o l d ) .  
During spin-up and spin-down t h e  r o t o r  p a s s e s  th rough t h e  one- 
per - rev  resonance  c r o s s o v e r  where b l a d e  l o a d s  peak r a t h e r  
s h a r p l y .  
Reference 12  showed t h a t  t h e  two o p e r a t i o n a l  parameters  which 
have t h e  most e f f e c t  on t h e s e  b l a d e  l o a d s  a r e  a i r s p e e d  and 
a n g l e  of a t t a c k  w i t h  t h e  l a t t e r  be ing  t h e  moze powerful .  Angle 
of a t t a c k  can  be reduced e i t h e r  by lowering t h e  f l a p s  o r  in -  
c r e a s i n g  t h e  a i r s p e e d .  The speed r ange  i n  which conve r s ion  
o c c u r s  can  be lowered by r educ ing  wing load ing  a t  a f i x e d  a n g l e  
of a t t a c k .  
I t  was assumed t h a t  conve r s ion  would nominal ly  t a k e  p l a c e  a t  a 
speed o f  1 .3  VSTALLI w i t h  v a r i a t i o n s  up t o  1 .45 VSTALLl u s ing  
maximum e f f e c t i v e  f l a p  d e f l e c t i o n .  The conve r s ion  speed 
should  a l s o  n o t  be less t h a n  1.2 VSTALLl f l a p s  up. The fo l low-  
ing  c o n s t r a i n t s  were p l a c e d  on  end-of-convers ion speed t o  
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ensure s a t i s f a c t o ~ y  blade  loads  throughout conversion:  
a .  Nominal conversion a t  a speed no g r e a t e r  than  
175 KEAS 
b. Vaximum conversion speed, inc lud ing  f l i g h t  
pa th  v a r i a t i o n s  and/or f l a p s  r e t r a c t e d ,  no t  
t o  exceed 200 KEAS. 
The equ iva len t  s i r speeds  corresponding t o  t h e s e  cond i t ions  a r e  
p l o t t e d  ve r sus  wing loading i n  Figure  3-3. The conversion 
speed c r i t o r i a  r e s u l t  i n  a maximum wing loading of 109 p s f .  
T h i s  was used f o r  t h e  stowed r o t o r  a i r c r a f t  of t h i s  s tudy.  
3.2.1.2.4 Wing Aspect Rat io  
Increas ing  t h e  wing aspec t  r a t i o ,  f o r  a g iven wing a r e a ,  in -  
c r e a s e s  t h e  s t r u c t u r a l  weight r equ i red  t o  provide  adequate 
s t r eng tu :  
a )  The r o o t  bending moment i n  hover i n c r e a s e s  
due t o  increased semispan. 
b) The wing s t r u c t u r a l  box reduces i n  size due 
t o  both reduced chord and th ickness  ( f o r  
cons tan t  t / c ) .  
Increased wing s t r u c t u r a l  weight ,  from s t r e n g t h  c o n s i d e r a t i o n s ,  
i s  o f f s e t  by reduced induced d rag ,  and t h e r e f o r e  reduced f u e l  


















































































































































































rotor aircraft, wing stiffness and natural frequency in bending 
and torsion must be carefully controlled to avoid potential 
problems with the aeroelastic air resonance and whirl flutter 
modes. Based Gn Boeing experience with tilt rotor designs, the 
aspect ratio was constrained to values less than 8.0 to avoid 
excess weight penalties from wing frequency considerations. 
3.2.1.3 Transmission and Rotor Design 
In the study of Reference 1, the transmissions and rotors of 
the tilt rotor aircraft were structurally designed by the maxi- 
mum rated horsepower of the engine at the hover rpm. This 
criterion is somewhat conservative since, for the design mission, 
the maximum operating t.orque - which dictates the transmission 
weight - occurs at the 20,000 ft. cruise condition and the 
maximum operating power - which is used in the rotor weight 
trend equations - occurs at the mid-point hover. A reduction 
in transmission and rotor weight and a corresponding de-escala- 
tion of the weight of other structure could have been achieved 
by designing to the critical operational level of torque and 
power rather than to the rated level. However, since it 
simplified the sizing analysis and provided an increased margin 
of performance at sea level, standard day conditions, the fuil 
rated power was used to size the rotors ani transmissions. 
~pplying this criterion to the stowed rotor aircraft of this 
study however, would impose a significant weight penalty since 
the rotor transmissions are used only during hover and low 
speed f l i g h t  o p e r a t i o n s ;  t h e  c r u i s e  f a n s  be ing  used f o r  maxi- 
mum speed c r u i s e .  The re fo re ,  f o r  t h e  stowed r o t o r  a i r c r a f t  
of t h i s  s t u d y ,  t h e  t r a n s m i s s i o n s  and r o t o r s  were des igned  t o  
a c c e p t  t h e  maximum o p e r a t i n g  t o r q u e  and power, which i n  a l l  
c a s e s  o c c u r s  a t  t h e  m i d  p o i n t  hover  c o n d i t i o n .  
I n  o r d e r  t o  o b t a i n  a  v a l i d  weight  comparison,  t h e  tilt r o t o r  
a i r c r a f t  of t h i s  s tudy  were des igned  t o  s i m i l a r  ground r u l e s .  
A s  a r e s u l t ,  it w i l l  b e  s e e n  t h a t  t h e  d e s i g n  p o i n t  tilt r o t o r  
of t h i s  s tudy  i s  approximate ly  8 %  l i g h t e r  t h a n  t h e  correspond-  
i ng  d e s i g n  from t h e  Re fe rence ,  1 s t u d y .  For t h e  tilt r o t o r  
a i r c r a f t  d e f i n e d  h e r e ,  t h e  t r a n s m i s s i o n s  a r e  des igned  f o r  
M i l i t a r y  Power a t  20,000 f t . ,  s t a n d a r d  day c o n d i t i o n s  and f o r  
a  r o t o r  speed of 70% hover  rpm. T h i s  p rov ides  a  sma l l  s2eed 
margin r e l a t i v e  t o  t h e  d e s i g n  c r u i s e  speed s i n c e  t h e  d e s i g n  
p o i n t  was d i c t a t e d  by a  s p e c i f i e d  c r u i s e  speed a t  Normal 
Rated Power. The r o t o r  we igh t s  are based  on  t h e  mid p o i n t  
hover power, T/W=1.1 a t  5000 f t . ,  95OF. 
The r o t o r s  cons ide red  i n  t h e  s tudy  were assumed t o  be of t h e  
same h i n g e l e s s  d e s i g n  a s  t h e  r o t o r  d e f i n e d  f o r  t h e  T i l t  Rotor 
Research A i r c r a f t  i n  NASA CR-114438, "P re l imina ry  Design o f  
Research A i r c r a f t " ,  Reference  2. The b l a d e s  a r e  assumed t o  
be r e c t a n g u l a r  i n  planform.  The same b a s i c  d e s i a n  and type  
of c o n s t r u c t i o n  was assumed and t h e  same weight  f a c t o r s  were 
used.  The o n l y  d e s i g n  d i f f e r e n c 3  i n  t h e  c a s e  of t h e  stowed 
r o t o r  was i n  t h e  i n c o r p o r a t i o n  of b l a d e  f o l d  mechanisms i n t o  
the hub design. Rotor weight factors were adjusted to take 
this int o account. 
In Reference 16, Cook and Poisson-Quinton have pointed out that 
the cruise performance of the low disc loading rotor can de- 
teriorate rapidly with increasing speed at Mach numbers above 
the design point. However, by designing the rotor specifically 
for high speed flight, such as usa ~f supercritical airfoils, 
tailored thickness distribution, etc. it should be possible to 
retxn reasonable cruise efficiencies to Mach numbers approach- 
ing 0.7. In order to show the effect of high speed rotoi 
performance on the tilt rotor - stowed rotor tradeoff, two 
different cruise efficiency vs. Mach number curves were used 
for the tilt rotor aircraft. These are shown in Figure 3-4. 
The effect ofthe assumed rotor cruise performance is discussed 
in Section 3.2.2.3. 
Engine Characteristics 
3.2.1.4.1 Engine Cycles 
The stowed rotor aircraft use convertible fan engines for pro- 
pulsion in cruise and in hover. These power plants utilize 
a turboshaft core engine which is geared either to a forward 
fan in cruise or to the rotors in hover. The manner in which 
these components are geared together is described in AFFDL-TR- 
71-62 Volume 1, "Design Studies and Model Tests of the Stowed 
Tilt Rotor Concept", Reference 5. 
ROTOR 
C R U I S E  
E F F I C I E N C Y  
;ADVANCED AIRFOILS - 
\- 1 ROTOR D E S I G N  O P T I M I Z E D  
E F F I C I E N Z Y  T Y P I C A L  OF '  
ROTOR DESIGNED FOR 
3 0 0  KT. (e.g. REF 1 6 )  
b 
I I 1 1 1 1 
. 3  . 4  . 5  . 6  .7 . 8  
F L I G H T  MACH NUMBER, M, 
F I G U R E  3 - 4 :  ROTOR C R U I S E  PERFORMANCE AT H I G H  i4ACH NUMBER 
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The c o n v e r t i b l e  engines used i n  t h i s  s tudy were based on t h e  
GE TI?-34/S1 a s  a  c o r e  engine.  This  engine was combined with 
a  s e r i e s  of forward f a n s  wi th  v a r i o u s  bypass r a t i o s .  The per-, 
formance c h a r a c t e r i s t i c s  of t h e  composite engines  were then  
reduced t o  a  r e f e r r e d  b a s i s  ( " rubber ized" ) .  The i n t e r n a l  
l o g i c  of t h e  VASCOMP program (used f o r  s i z i n g  and performance 
a n a l y s i s )  converted t h e  engine from a thrus t -producer  i n  
c r u i s e  t o  a  power-producer i n  hover. 
A convent ional  t u r b o s h a f t  engine geared t o  t h e  r o t o r s  i s  used 
t o  power t h e  tilt r o t o r  a i r c r a f t .  The engine c y c l e  used f o r  
t h e  tilt r o t o r  a i r c r a f t  i n  t h i s  s tudy  is  based on Lycoming PLT- 
27 technology. Again, t h e  c h a r a c t e r i s t i c s  of t h e  engine have 
been "rubber ized"  o r  reduced t o  a  r e f e r r e d  b a s i s .  
Although d i f f e r e n t  engines  were used f o r  t h e  stowed r o t o r  and 
tilt r o t o r ,  t h e  TI?-34 and PLT-27 engines  r e p r e s e n t  t h e  same 
l e v e l  of technology based on comparable v a l u e s  of p r e s s u r e  
r a t i o ,  t u r b i n e  i n l e t  temperature,  s p e c i f i c  f u e l  consumption 
and s p e c i f i c  power. 
3.2.1.4.2 Bypass Rat io  S e l e c t i o n  
An e a r l y  t a s k  i n  t h e  s tudy was t o  determine t h e  optimum f a n  
bypass r a t i o  f o r  t h e  stowed r o t o r  a i r c r a f t .  A c o n f i g u r a t i o n  
study was done i n  which wing loading v a r i e d  from 80 t o  120 p s r ,  
d i s c  loading v a r i e d  from 1 0  t o  15  p s f ,  and engine  bypass r a t i o  
v a r i e d  from 2 t o  10. 
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The resulting t r e n d s  of d e s i g n  g r o s s  we igh t  w i t h  d i s c  l o a d i n g  
and bypass  r a t i o  are shown i n  F i g u r e  3-5 f o r  t h e  l i m i t  wing 
l o a d i n g  (109 p s f )  and t h e  400 k t  d e s i g n  speed .  The t r e n d s  
shown a r e  f a i r l y  t y p i c a l  of  t h o s e  o b t a i n e d  a t  o t h e r  d e s i g n  
speeds  between 300 and 500 k n o t s .  
A l l  of t h e  d e s i g n  ground r u l e s  d e s c r i b e d  i n  t h i s  s e c t i o n  were 
observed  w i t h  t h e  e x c e p t i o n  t h a t  t h e  t r a n s m i s s i o n  t o r q u e  l i m i t  
was n o t  a p p l i e d .  (Th i s  was a d e s i g n  r e f inemen t  i n c o r p o r a t e d  
l a t e r  i n  t h e  s t u d y . )  A s  a  r e s u l t ,  t h e  d e s i g n  g r o s s  we igh t s  
o b t a i n e d  do no t  match t h o s e  o b t a i n e d  i n  t h e  l a t t e r  p a r t  of  t h e  
s tudy .  The t r e n d s  shown are s t i l l  cons ide red  t o  b e  v a l i d ,  
howevertand a bypass  r a t i o  of 4 was used i n  s i z i n g  t h e  stowed 
r o t o r  d e s i g n  p o i n t  a i r c r a f t .  
A s i m i l a r  s tudy  w a s  done t o  i n v e s t i g a t e  t h e  e f f e c t  of  bypass  
r a t i o  on eng ine  performance.  C r u i s e  t h r u s t  was computed f o r  
normal power a t  20,000 ft/STD f o r  v a r i o u s  bypass  r a t i o s  f o r  a  
r e p r e s e n t a t i v e  g a s  g e n e r a t o r  of 2500 horsepower r a t i n g .  These 
d a t a  a r e  shown i n  F i g u r e  3-6. The r e s u l t s  i n d i c a t e  t h a t  t h e  
bypass  r a t i o  f o r  maximum eng ine  performance d e c r e a s e s  a s  speed 
i n c r e a s e s .  
A c r o s s - p l o t  of t h r u s t  v e r s u s  bypass  r a t i o  a t  t h e  400 k t  stowed 
r o t o r  d e s i g n  speed i s  shown i n  F i g u r e  3-7. These r e s u l t s  l end  
f u r t h e r  s u p p o r t  t o  t h e  s e l e c t i o n  of  4.0 a s  t h e  d e s i g n  bypass  
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FIGURE 3-5: ENGINE BYPASS RATIO TRADE STUDY - GROSS 
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FIGURE 3-6:  ENGINE BYPASS RATIO TRADE STUDY - 
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FIGURE 3-7: ENGINE BYPASS RATIO T W E  STUDY -CRUISE 
THRUST PER BATED HORSEPOWER VS BYPASS RATIO 
3.2.1.5 A i r c r a f t  Drag 
S i m p l i f i e d  d rag  models were used f o r  bo th  t h e  stowed and tilt 
r o t o r  a i r c r a f t .  These models r e p r e s e n t  t h e  d r a g  of t h e  a i r -  
c r a f t  a s  s imple  l i n e a r  f u n c t i o n s  uf wing a r e a .  The methods of 
Boeing Document D8-2194-1, "Drag Es t ima t ion  of V/STOL A i r c r a f t " ,  
Reference 13 ,  were used t o  c a l c u l a t e  t h e  i n t e r c e p t  and s l o p e  
of t h e  t r e n d  cu rves .  
The d rag  t r e n d s  used a r e  shown i n  F igu re  3-8a. The tilt r o t o r  
t r e n d  is i d e n t i c a l  t o  t h a t  p re sen ted  i n  NASA CR-114437, "Con- 
z e p t u a l  Design of Useful  M i l i t a r y  and/or  Commercial A i r c r a f t " ,  
Reference 1. The stowed r o t o r  d r a g  t r e n d  was developed i n  a  
s i m i l a r  manner f o r  t h e  a i r c r a f t  e x c l u s i v e  of t h e  engine  n a c e l l e s .  
S i z e  t r e n d s  were developed which gave n a c e l l e  l e n g t h ,  d i a m e t e r ,  
and wet ted  a r e a  a s  a  f u n c t i o n  of  bypass  r a t i o  and r a t e d  t h r u s t .  
These s i z e  t r e n d s  were used t o  deve lop  eng ine  n a c e l l e  A£, 
cu rves  a s  shown i n  F igu re  3-8b. 
3.2.1.6 C r i t e r i a  f o r  S e l e c t i n g  Design P o i n t  A i r c r a f t  
3.2.1.6.1 Stowed Rotor A i r c r a f t  
The stowed r o t o r  a i r c r a f t  were s i z e d  t o  meet t h e  mis s ion  re- 
qui rements  d e s c r i b e d  i n  S e c t i o n  3.2.1.1. I n  a d d i t i o n ,  t h e  
fo l lowing  d e s i g n  c o n s t r a i n t s , w e r e  imposed: 
1. Thrust-weight  r a t i o  c a p a b i l i t y  a t  t h e  mis s ion  
mid-point  of  a t  l e a s t  1.1 w i t h  seven  ( 7 )  
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NOTE : 
-- 
1 .  Bypass R a t i o  = 4 
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FIGURE 3-8b: STOWED ROTOR AIRCRAFT ENGINE NACELLE 
DRAG TREND 
2. Maximum hover disk loading of 15 pa£. 
3. Rotor solidity greater than , 0 5 8 .  
4. Wing loading less than 109 psi. 
See Section 3.2.1.2 
5. Wing aspect ratio less than 8 ,  
In general, these constraints are the result of practical con- 
siderations in the design of tilt/stowed rotor aircraft. The 
disc loading limit, for example, was imposed to avoid excessive 
downwash velocities in hover. Downwash velocity immediately 
below the rotor is directly related to disc loading. Pet high 
disc loadings, the resulting high downwash velocities would tend 
to hamper rescue operations. 
A maximum thrust coefficient ,to solidity ratio, C T / a ,  of 0.135 
was used, based on rotor stall flutter considerations. However, 
in no event was tne solidity permitted to fall below a value 
of 0.058. 
This limit is based on practical design and manufacturing con- 
siderations related to blade torsional and flapping stiffness 
requirements. As rotor blades become narrower and thinner at 
the lower solidities it becomes more and more difficult to 
tune them and still meet design fatigue life requirements. 
The stowed rotor aircraft defined in the study are, in general, 
defined by the intersection of two boundaries defined by the 
constraints enumerated above (although there may be "triple 
points" at which three constraint conditions coincide). Ti : i s  
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is  shown i n  t h e  s k e t c h  below which i l l u s t r a t e s  t h e  manner i n  
which t h e  v a r i o u s  c o n s t r a i n t s  i n f l u e n c e  t h e  d e s i g n  p o i n t  s e l e c -  
t i o n .  




Th i s  f i g u r e  is  a  c a r p e t  p l o t  o f  d e s i g n  g r o s s  weight v e r s u s  wing 
load ing  and d i s c  l oad ing  a t  a  s p e c i f i e d  c r u i s e  speed.  The 
boundar ies  d e f i n e d  by t h e  c o n s t r a i n t s  a r e  superimposed on it 
and d e f i n e  a  d e s i g n  "window" i n  which d e s i g n  p o i n t s  a r e  a l lowed.  
The d e s i g n  p o i n t  a i r c r a f t  i s  s e l e c t e d  a t  t h e  boundary i n t e r -  
s e c t i o n  t h a t  g i v e s  t h e  lowes t  d e s i g n  g r o s s  weight .  
3.2.1.6.2 T i l t  Rotor A i r c r a f t  
The tilt r o t o r  a i r c r a f t  were s i z e d  t o  t h e  same mis s ion  r e q u i r e -  
ments a s  t h e  stowed r o t o r  a i r c r a f t  ( S e c t i o n  3 .2 .1 .1) .  Addi- 
t i o n a l l y ,  t h e  fo l lowing  d e s i g n  c o n s t r a i n t s  were imposed. 
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1. Thrust-weight r a t i o  capab i l i t y  a t  t he  mission 
mid-point of a t  &eas t  1.1 *,th seven rescuees 
aboard (See Section 3.2.1.1). 
2. Maximum hover d i s c  loading of 15 psf 
3. Rotor s o l i d i t y  g r e a t e r  than .058 
4 .  Wing chord t o  r o t o r  diameter r a t i o  of 0 . 2  
A d i f f e r e n t  wing design cons t r a in t  i s  used f o r  t h e  tilt r o t o r  
a i r c r a f t  because it i s  rotor-driven i n  c r u i s e  and t h e  wing 
must be configured t o  avoid s t a t i c  divergence and whir l  f l u t t e r .  
Specifying chord t o  diameter r a t i o  i s  equivalent  t o  specifying 
wing aspect  r a t i o .  This i s  because wing span i s  d i r e c t l y  re- 
l a t e d  t o  r o t o r  diameter (b=DIA + 7 .5 ' )  and chord is  a l s o  d i -  
r e c t l y  proport ional  t o  diameter when the  chord/diameter r a t i o  
i s  f ixed.  A s  a  r e s u l t ,  the  aspect  r a t i o  v a r i e s  between 6.5 
and 6 . 0  f o r  a range of diameter between 2 5  f e e t  and 37.5 f e e t .  
Previous design experience has shown t h a t  a  chord-diameter 
r a t i o  of 0 .2  g ives  aspect  r a t i o s  i n  t h e  range required t o  
adequately cont ro l  these  modes without excessive weight penal- 
t i e s .  With wing conf igurat ion f ixed  i n  t h i s  manner, wing 
loading becomes a  funct ion of d i s c  loading. Therefore, r c t o r  
diameter becomes the  design parameter. The procedure f o r  se- 
l ec t ing  the  design po in t  a i r c r a f t  then became a mattrr of s i z i n g  
a i r c r a f t  f o r  a series of r o t o r  diameters and determining the  
minimum weight aonf igurat ion corrergonding t o  the  most c r i t i a a l  
of t h e  f i r s t  thsaa  design a o n r t r a i n t r ,  
3.2.2 DESIGN POINT SELECTIONS 
3.2.2.1 Stowed Rotor 
For each design cruise speed, a parametric family of stowed 
rotor aircraft were sized to meet the mission requirements 
discussed in Section 3.2.1.1. Each design point in this 
family of aircraft was defined by a specific combination of 
wing loading and disc loading. An examp1.e of the results, in 
terms of design gross weight and required power, is shown In 
Figures 3-9 and 3-10 for a design cruise speed of 400 knots. 
Shown as overlays on these carpet plots are curves representing 
the limiting values of each of the five design constraints. 
It is seen that the lightest aircraft, for the 400 knot design 
cruise speed, is defined by the combination of aspect ratio 
and wing loading lhits. This point also corresponds to the 
lowest required gas producer power. Design gross weight is 
19070 pounds and power required is 2455 horsepower per engine. 
The rotor diameter is 30.3 feet and disc loading is 13.3 psf. 
3.2.2.2 Tilt Rotor 
For the tilt rotor, at each design cruise speed, the effect of 
rotor diameter on the important aircraft performance and design 
characteristics was evaluated as shown in Figure 3-11. For the 
300 knot design condition, as shown in this figure, the i~sign 
point is dictated by the maximum disc loading constraint (15 
psf). Lighter aircraft could be achieved by using smaller 
NOTES : 
1. Aircraft sized to USAF- 
SAR HI-HI Mission 
2. Design Criteria 
a. ( ~ / w ) ~ ~ ~ l . l  
b. ARC 8.0 
c .  w/K 5 5  LBS/FT~ 
d. W/S <lo9 LBS/FT~ 
e. 0 2 7-058 
3 =  "CRUISE = 4 00 KTAS 
4. By-pass Ratio = 4 
- ~ .  
DESIGN DETERMINED BY 
MAXIMUM PERMISSIBLE 
WING LOADING AND ASPECT 









FIGURE 3-10: EFFECT OF DESIGN PARAMETERS ON STOWED ROTOR 
INSTALLED POWER 
D222-1G060-1 
d i ame te r  r o t o r s ,  b u t  t h i s  would r e q u i r e  d i s c  load ings  g r e a t e r  
t h a n  15  p s f .  I t  is seen  t h a t ,  f o r  t h i s  speed ,  t h e  mid p o i n t  
hover and t h e  c r u i s e  requi rements  a r e  n e a r l y  matched, w i t h  t h e  
mid p o i n t  t h r u s t  t o  weight  r a t i o  (T/W=1.12) be ing  j u s t  g r e a t e r  
t han  t h e  minimum r e q u i r e d  v a l u e  of  1.10. The d e s i g n  p o i n t  
a i r c r a f t  has  a  d e s i g n  g r o s s  weight  of  15630 pounds and a  r o t o r  
d i ame te r  of  25.8 f e e t .  Although n o t  shown, t h e  i n s t a l l e d  
engine  power is 1846 shp/engine.  The d i f f e r e n c e  i n  s i z e  be- 
tween t h i s  a i r c r a f t  and t h e  d e s i g n  p o i n t  SAR of Reference 1 
(WT = 16970 l b . ,  D I A  = 27.0 f t . )  i s  d i r e c t l y  a t t r i b u t a b l e  t o  
t h e  d i f f e r e n t  ground r u l e s  f o r  t r a n s m i s s i o n  and r o t o r  s t r u c -  
t u r a l  d e s i g n  (See S e c t i o n  3.2.1.3) .  
The d i f f e r e n c e  i n  d i s c  load ing  f o r  t h e  stowed r o t o r  (13.3 p s f )  
and t h e  tilt r o t o r  (15 p s f )  i s  due t o  t h e  d i f f e r e n c e  i n  per -  
m i s s i b l e  a s p e c t  r a t i o .  The tilt r o t o r  wing, des igned  by chord  
t o  d iameter  r a t i o  of 0 .2 ,  has  an a s p e c t  r a t i o  of  6.5. Had 
a s p e c t  r a t i o  been p e r m i t t e d  t o  i n c r e a s e  t o  a  v a l u e  of 8.0,  
a s  on t h e  stowed r o t o r ,  t h e  d e s i g n  p o i n t  d i ame te r  would have 
i n c r e a s e d  wi th  an accompanying r e d u c t i o n  i n  d i s c  load ing .  The 
mid-point hover t h r u s t  t o  weight  r a t i o  would have been t h e  
d e s i g n  parameter .  
3.2.2.3 Comparison of Stowed Rotor and T i l t  Rotor D e s i .  
P o i n t  A i r c r a f t  
Stowed r o t o r  and tilt r o t o r  a i r c r a f t  were s i z e d  a t  d e s i g n  

















































































































































































a  r e s u l t  it i s  p o s s i b l e  t o  show t h e  weight  p e n a l t i e s  i n c u r r e d  
by i n c r e a s i n g  d e s i g n  speed and a l s o  t o  de t e rmine  t h e  c r o s s o v e r  
p o i n t  a t  which t h e  stowed r o t o r  i s  more economical t h a n  t h e  
tilt r o t o r .  
The stowed r o t o r  and tilt r o t o r  a i r c r a f t  o b t a i n e d  a r e  shown 
f o r  comparison i n  F igu re  3-12, For t h e  tilt r o t o r ,  t h e  e f f e c t  
of  r o t o r  c r u i s e  e f f i c i e n c y  i s  shown, cor responding  t o  t h e  two 
d i f f e r e n t  nCR t r e n d s  of F i g u r e  3-4. The a i r c r a f t  a t  p o i n t s  
a long  each  of t h e  cu rves  a r e  minimum weight  a i r c r a f t  con- 
s i s t e n t  w i t h  t h e  d e s i g n  c o n s t r a i n t s  d e s c r i b e d  i n  S e c t i o n  
3.2.1.6. For example, f o r  t h e  tilt r o t o r  a i r c r a f t  it was 
found t h a t  i n c r e a s i n g  t h e  d i s c  l oad ing  by r educ ing  r o t o r  d i a -  
meter l e d  t o  an  o v e r a l l  r e d u c t i o n  i n  g r o s s  weight  and power 
r e q u i r e d .  Howeverts ince t h e  d i s k  load ing  i s  l i m i t e d  t o  15  p s i ,  
t h e  l i g h t e s t  p e r m i s s i b l e  a i r c r a f t  was d e f i n e d  by t h e  l i m i t  
d isc  load ing  (See F i g u r e  3-11). 
I n  g e n e r a l ,  bo th  t y p e s  e x h i b i t  a  r a p i d  weight  i n c r e a s e  w i t h  i n -  
c r e a s i n g  d e s i g n  speed.  For t h e  tilt r o t o r  t h i s  r a p i d  i n c r e a s e  
beg ins  a t  abou t  296 KTAS. For t h e  stowed r o t o r  t h e  r a p i d  
weight  i n c r e a s e  beg ins  a t  388 KTAS. I t  i s  a t  t h e s e  p o i n t s  
t h a t  t h e  a i r c r a f t  have even ly  matched hover  and c r u i s e  power 
r equ i r emen t s .  Tha t  i s ,  t h e  i n s t a l l e d  power i s  j u s t  s u f f i c i e n t  
t o  enab le  t h e  a i r c r a f t  t o  c r u i b e  a t  t h e  s p e c i f i e d  speed and t o  
meet t h e  hover t h r u s t - w e i g h t  r a t i o  r equ i r emen t  a t  t h e  midpoin t .  
For t h e  tilt r o t o r  a i r c r a f t  t h e  match-point occurs  a t  296 
KTAS. For des ign  speeds g r e a t e r  than  t h i s ,  it i s  necessary 
t o  observe t h e  r e s t r i c t i o n  on d i s c  loading.  Consequently,  
a l l  t h e  a i r c r a f t  i n  t h i s  range have midpoint hover t h r u s t - t o -  
weight r a t i o  va lues  i n  excess  of 1.1. A l l  of t h e  tilt r o t o r  
a i r c r a f t  designed f o r  c r u i s e  speeds below 236 KTAS have aatched 
hover and c r u i s e  power requirements .  However, des ign  d i s c  
loading decreases  a s  speed dec reases .  
For t h e  stowed r o t o r ,  t h e  power-match p o i n t  occurs  a t  388 KTAS 
with t h e  optimum combination of des ign  parameters  being a s p e c t  
r a t i o  of 8 and wing loading of 109 p s i .  For speeds below 388 
kno t s ,  it i s  more d e s i r a b l e  t o  reduce wing loading than  aspec t  
r a t i o .  The a s p e c t  r a t i o  i s  held  a t  a  va lue  of 8.0 and mid- 
p o i n t  t h r u s t  t o  weight c a p a b i l i t y  i s  held  a t  a va lue  of 1.1. 
A s  was t r u e  wi th  t h e  tilt r o t o r ,  a s  speed i s  reduced, t h e  de- 
s i g n  d i s c  loading f o r  t h e  stowed r o t o r  reduces.  F i n a l l y ,  
when des ign  speed f o r  t h e  stowed r o t o r  i s  reduced t o  329 KTAS, 
t h e  l i m i t i n g  va lue  f o r  s o l i d i t y  i s  reached ( ~ = . 0 5 8 ) .  For 
speeds below 329 kno t s ,  i n  o r d e r  t o  mainta in  t h e  s o l i d i t y  and 
t h r u s t  t o  weight l i m i t s ,  it is  necessary t o  reduce aspec t  
r a t i o  below t h e  v a l u e  of 8 .0 ,  and des ign  g r o s s  weight begins 
t o  inc rease .  
The g ross  weight crossover  f o r  t h e  two c o n f i g u r a t i o n s  occurs  
a t  359 KTAS, when t h e  r o t o r  on t h e  tilt r o t o r  a i r c r a f t  i s  
designed f o r  high speed f l i g h t .  Above t h i s  speed t h e  stowed 
rotor is lighter while the tilt rotor is the ligher configura- 
tion for speeds below 359 knots. 
From these curves, desiqn-point aircraft were selected for each 
configuration type. These points were selected on the basis 
of proximity to the hover-cruise match points where gross 
weight first starts to increase rapidly. The design charac- 
teristics of each are discussed in Section 3.3. 
Although the effects of rotor cruise efficiency for the tilt 
rotor are shown on Figure 3-12, it should be noted that it is 
unrealistic to assume that a 300 knot rotor would be applied 
to aircraft designed for higher speed operation. By designing 
the rotor specifically for high speed flight it should be 
possible to approach the capabilities defined by the curve 
labeled "optimized rotor design". Since the design point 
aircraft was picked for 300 knot cruise flight, these consider- 
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3.3 AIRCRAFT DESCRIPTIONS 
3.3.1  CONFIGURATIONS AXD DESIGN DESCRIPTION 
3.3.1.1 Stohed Rotor SAR A i r c r a f t  
The des ign  p o i n t  Stowed Rotor SAR a i r c r a f t  i s  shown i n  t h r e e -  
view i n  F igu re  3-13. The a i r c r a f t  i s  q u i t e  conven t iona l  i n  
l a y o u t  w i t h  t h e  e x c e p t i o n  of t h e  s towable  r o t o r  pods mounted 
on t h e  wing t i p s .  The a i r c r a f t  c a n  e i t h e r  be  flown i n  t h e  
V/STOL mode wi th  r o t o r  b l a d e s  deployed o r  a s  a  conven t iona l  
a i r p l a n e  w i t h  r o t o r  b l a d e s  f o l d e d .  The a i r c r a f t  can  be flown 
a s  a  CTOL b u t  would r e q u i r e  t a k e o f f  d i s t a n c e s  of  t h e  o r d e r  of 
5000  f t .  
The so f t - i n -p l ane  h i n g e i e s s  r o t o r s  a r e  des igned  t o  be stowed 
f o r  h igh  speed forward f l i g h t .  The so f t - i n -p l ane  r o t o r  pro- 
v i d e s  e x c e l l e n t  f l y i n g  q u a l i t i e s  c h a r a c t e r i s t i c s  i n  t h e  V/STOL 
mode a s  w e l l  a s  freedom from a e r o e l a s t i c  problems. I n  f l i g h t ,  
t h e  r o t o r s  tilt from hover  p o s i t i o n  ( r o t o r  d i s c  h o r i z o n t a l ;  
t o  c r u i s e  p o s i t i o n  ( r o t o r  d i s c  v e r t i c a l ) .  From c r u i s e  p o s i -  
t i o n ,  each r o t o r  b l a d e  f o l d s  around a  h inge  on t h e  hub t o  a  
p o s i t i o n  f l u s h  w i t h  t h e  n a c e l l e  f a i r i n g  f o r  a  r e d u c t i o n  of 
d rag  i n  forward f l i g h t .  
The b l a d e  f o l d i n g  k inema t i c s  diagram i s  shown i n  F igu re  3-14. 
Th i s  f i g u r e  i l l u s t r a t e s  t h e  end p o s i t i o n  of t h e  f o l d e d  b l a d e s  
r e l a t i v e  t o  t h e  wing and t h e  a p p l i c a b l e  geone t ry .  F igu re  3-15 
d e p i c t s  t h e  r o t o r  hub arrangement .  
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The f o l d i n g  sequence i s  as f o l l o w s :  w i t h  t h e  r o t o r  deployed 
i n  t h e  hover mode, t r a n s i t i o n  t o  t h e  c r u i s e  mode i s  e f f e c t e d  
by t i l t i n g  t h e  r o t o r  system u n t i l  t h e  r o t o r  d i s c  i s  i n  t h e  
v e r t i c a l  p lane .  The c r u i s e  f a n  i s  t h e n  c l u t c h e d  o n - l i n e  and 
brought  up t o  speed. Power i s  t r a n s f e r r e d  from t h e  r o t o r s  t o  
t h e  c r u i s e  f a n s  u n t i l  t h e  f a n s  a r e  brought  up t o  c r u i s e  t h r u s t .  
The r o t o r  i s  t h e n  d e c l u t c h e d  and c o l l e c t i v e  p i t c h  reduced u n t i l  
t h e  r o t o r s  w indmi l l ,  C o l l e c t i v e  p i t c h  i s  t h e n  r u n  through t h e  
p r c f i f e  r e q u i r e d  t o  s t o p  t h e  r o t o r ,  th rough t h e  f e a t h e r  p o s i -  
t i o n ,  t o  a  p o s i t i o n  t h a t  a p p l i e s  a  n e g a t i v e  t o r q u e  t o  t h e  r o t o r .  
When t h e  r o t c r  s t o p s  and beg ins  t o  t u r n  s lowly  i n  t h e  o p p o s i t e  
d i r e c t i o n  t h e  o p p o s i t e  r o t a t i o n  i s  sensed  by a  mechanism which 
t r i p s  t h e  index  l a t c h .  T h i s  l a t c h  l o c k s  t h e  r o t o r  i n t o  p o s i -  
t i o n  f o r  f o l d i n g  when t h e  s lowly  r o t a t i n g  r o t o r  a r r i v e s  a t  t h e  
index p a i n t .  (Th i s  indexing  mechanism is  s i m i l a r  t o  t h e  i n -  
s t a l l a t i o n  on t h e  CH-46)  . 
With t h e  r o t o r  now p o s i t i o n e d ,  t h e  f o l d  o p e r a t i o n  a u t o m a t i c a l l y  
begins .  The f o l d  a c t u a t o r  system i s  h y d r a u l i c a l l y  p r e s s u r i z e d ,  
r e l e a s i n ?  t h e  p o s i t i v e  p i s t o n  lock  which i n  t u r n  t r a n s f e r s  
p r e s s u r e  t o  t h e  s e r v o  system. T h i s  moves t h e  p i s t o n  fo rward ,  
r e l e a s i n g  t h e  forward p o s i t i o n a l  l ock  on t h e  hub b a r r e l ,  The 
b l a d e  and hub b a r r e l ,  p u l l e d  by t h e  f o l d  l i s k ,  beg ins  t o  
r o t a t e  around t h e  h inge  p i v o t  p o i n t .  The swashp la t e  a c t u a t o r s  
a r e  programmed t o  p i t c h  t h e  b l a d e s  d u r i n g  f o l d i n g  s o  t h a t  t h e  
b l a d e s  l i e  f l u s h  t o  t h e  n a c e l l e  f a i r i n g  a t  t h e  comple t ion  of 
s towing.  A s e n s o r  i d e n t i f i e s  t h e  completed f o l d ,  en9ages a  
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b lade  l o c k  t h a t  s e c u r e s  t h e  b l a d e  t o  t h e  f a i r i n g ,  and c u t s  
h y d r a u l i c  p r e s s u r e  t o  t h e  b l a d e  f o l d  system. 
The un fo ld ing  sequence i s  t h e  r e v e r s e  of t h e  above procedure .  
A s  d i s c u s s e d  p r e v i o u s l y  i n  S e c t i o n  3.2 .1 .4 .1 ,  t h e  eng ine  used 
i n  t h i s  a i r c r a f t  i s  an  advanced technology  " c o n v e r t i b l e "  eng ine .  
Th i s  e n g i n e  w i l l  have t h e  d u a l  c a p a b i l i t y  of a  t u r b o f a n  o r  of 
a  t u r b o s h a f t .  These eng ines  w i l l  be mounted benea th  t h e  wing 
a t  approximate ly  mid-span w i t h  a c r o s s  s h a f t  connec t ing  t h e  
i n p u t  b e v e l  boxes f o r  s i n g l e  eng ine  r o t o r  o p e r a t i o n .  
The wing s i z e  and geometry h a s  been chosen f o r  t h e  most e f f i -  
c i e n t  and s imp le  s t r u c t u r a l  arrangement  and n a c e l l e  a t t a c h m e n t ,  
c o n s i s t e n t  w i t h  t h e  r e q u i r e d  r e l a t i o n s h i p  between n a c e l l e  tilt 
p i v o t  and wing f o r  c o r r e c t  CG l o c a t i o n  i n  hover  and c r u i s e  
f l i g h t .  
C o l l e c t i v e  and c y c l i c  p i t c h  of t h e  r o t o r s ,  t o g e t h e r  w i t h  n a c e l l e  
tilt, p rov ide  c o n t r o l  i n  hover .  I n  t h e  c r u i s e  mode, c o n t r o l  
i s  by c o n v e n t i o n a l  a i r p l a n e  c o n t r o l  s u r f a c e s ;  e l e v a t o r s ,  r u d d e r ,  
f l a p e r o n s  and s p o i l e r s .  Leading edge Mumbre l l a "  f l a p s  and 
l a r g e  d e f l e c t i o n  t r a i l i n g - e d g e  f l a p s  reduce  download i n  hover .  
Ope ra t ion  of  f l a p s ,  umbre l l a s  and e l e v a t o r s  a s  w e l l  a s  phas ing  
o u t  of t h e  r o t o r  c o n t r o l s  i s  mechan ica l ly  programmed w i t h  n a c e l l e  
tilt t o  r e l i e v e  p i l o t  workload. A l i m i t e d  a u t h o r i t y  SAS i n -  
c l u d e s  feedback from ang le -o f -b t t ack ,  yaw a n g l e  and dynamic 
p r e s s u r e  d u r i n g  r o t o r - o p e r a t i n g  c o n d i t i o n s .  Th i s  p rov ides  
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i n c r e a s e d  s t a t i c  s t a b i l i t y  and r educes  b l a d e  l o a d s  t o  i n c r e a s e  
f a t i g u e  marg ins ,  The a i r c r a f t  c a n  be s a f e l y  f lown w i t h  t h e  
feedback  system i n o p e r a t i v e .  
The m a t e r i a l s  used e x t e n s i v e l y  i n  t h i s  d e s i g n  w i l l  be of an  
advanced technology  n a t u r e .  Used w i l l  b e  m a t e r i a l s  l i k e  
f i b e r g l a s s / b o r o n  composi te  i n  t h e  b l a d e s ,  g r aph i t e -bo ron  and 
PRD-49 compos i tes  i n  s k i n s  and c o n t r o l  s u r f a c e s ,  e tc .  T i t a -  
nium a l l o y s  w i l l  b e  used where f e a s i b l e .  A 26 f t .  d i a m e t e r  
r o t o r  system w i t h  t h e  b l a d e s  c o n s t r u c t e d  of f i b e r g l a s s / b o r o n  
h a s  a l r e a d y  been c o n s t r u c t e d  and wind t u n n e l  t e s t e d  f o r  150 
hou r s  under  NASA c o n t r a c t  NAS2-6505. O the r  advanced materials 
a r e  be ing  t o t t e d  i n  Boeing V e r t o l  Engineer ing  Labs i n  a  v a r i e t y  
of c o n f i g u r a t i o n s .  An advanced technology  t r a n s m i s s i o n ,  of 
t h e  t y p e  developed f o r  t h e  Heavy L i f t  H e l i c o p t e r ,  w i l l  b e  used .  
I t  i s  proposed t o  u s e  c o n v e n t i o n a l  m a t e r i a l s ,  i . e . ,  s tee l  and 
aluminum a l l o y s  f o r  most dynamic components e x c e p t  b l a d e s .  
The s t r u c t u r a l  d e s i g n  of t h e  a i r c r a f t  w i l l  conform t o  t h e  
a p p r o p r i a t e  r equ i r emen t s  l a i d  down by t h e  r e l e v a n t  m i l i t a r y  
a g e n c i e s .  The s t r u c t u r e  w i l l  be  op t imized  t o  meet t h e  s t r e n g t h  
and s t i f f n e s s  c r i t e r i a  a t  minimum weight  u s i n g  f i n i t e  e lement  
s t r u c t u r a l  a n a l y s i s  computer programs. 
The f o l l o w i n g  i n s t a l l a t i o n s  and equipment have been assumed 
f o r  t h e  s e a r c h  and r e s c u e  m i s s i o n :  a minimum of f i v e  (5) 
l i t t e r s  and two ( 2 )  jump s e a t s ;  a  r e s c u e  winch and c a b l e ,  
f o r e s t  canopy p e n e t r a t o r ;  p o r t a b l e  oxygen equipment;  loud  
h a i l e r ;  radome; two ( 2 )  s e a r c h l i g h t s ;  t e r r a i n  r a d a r  an t ennae ;  
g l i d e  s l o p e  r e c e i v e r  an t ennae ;  FM homing an tennae ,  X-band 
an tennae ;  TACAM/IFF t r ansponde r ;  IFF i n t e r r a g a t o r  (VHF); 
HF-SSB an tennae ;  VOR/LOC an tennae ;  r a d a r  warning s e n s o r ;  low 
l i g h t  l e v e l  T-V; d o p p l e r  an t ennae ;  marker beacon; s e n s e  an tennae  
LF-ADF; ADF loop  an tennae  and c r a s h  beacon. 
3.3.1.2 T i l t  Rotor  SAR A i r c r a f t  
The T i l t  Rotor SAR A i r c r a f t  is d e p i c t e d  i n  F i g u r e  3-16. T h i s  
a i r c r a f t  i s  i d e n t i c a l  i n  c o n f i g u r a t i o n  t o  t h a t  o r i g i n a l l y  de- 
s c r i b e d  i n  Reference 1 e x c e p t  t h a t  it i s  s l i g h t l y  s m a l l e r  be- 
cause  of t h e  d i f f e r e n c e s  i n  t r a n s m i s s i o n  and r o t o r  s i z i n g  
ground r u l e s  d i s c u s s e d  i n  S e c t i o n  3.2.1.3. Design Gross  Weight 
i s  15631 l b .  Rotor d i ame te r  i s  now 25.8 f t .  
The r o t o r s  a r e  of t h e  s o f t - i n - p l a n e ,  h i n g e l e s s  t y p e  i d e n t i c a l  
i n  d e s i g n  t o  t h e  one o r i g i n a l l y  d e s c r i b e d  i n  Reference 2 .  Th i s  
d e s i g n  f e a t u r e s  advanced composi te  c o n s t r u c t i o n  i n  t h e  b l a d e s  
and an e l a s t o m e r i c  b l a d e  r e t e n t i o n  system. 
Advanced technology t u r b o s h a f t  e n g i n e s  are mounted i n  n a c e l l e s  
f i x e d  t o  t h e  wing t i p s .  The eng ines  do n o t  tilt w i t h  t h e  r o t o r s .  
Th i s  arrangement  s i m p l i f i e s  eng ine  i n s t a l l a t i o n  d e s i g n  and mini-  
mizes d r i v e  system v u l n e r a b i l i t y .  
Ex tens ive  use  of advanced technology  m a t e r i a l s  (g raph i t e /bo ron  
and PRD-49/epoxy composi tes  and t i t a n i u m  a l l o y s )  h a s  been 
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assumed in the design of the aircraft. Advanced technology 
transmissions are used. These considerations are the same a s  
for the stowed rotor aircraft. 
3.3.2 WEIGHT SUMMARY 
Weight trade studies leading to the selection of the baseline 
configurations were accomplished using the VASCOMP computer 
program, described in Reference 14. The sizir,? program in- 
cludes a weights subroutine which provides a consistent method 
for rapidly estimating the aircraft's operational weight enpty. 
The program divides the empty weight into three groups;pr. -ul- 
sion, structures and flight controls. Weight trend; are pl.~- 
grammed for each group and the program computes their respec- 
tive weights. These are then combined with weight icput values 
of fixed useful load, fixed equipment and payload to determine 
the weight of the fuel available for a given gross welght and 
payload. The weight input values were determined from specific 
mission requirements and/or specified equipment lists. 
The weight trends were developed at Vertol from statistical 
and semi-analytical data for existing aircraft. T h y  combine 
geometric, design and structural parameters into an accurate 
weight prediction tool. Examples of the weight trends for 








































































































































The c o e f f i c i e n t s  i n  t h e  t r e n d  e q u a t i o n s  a r e  pr imary i n p u t s  t o  
t h e  computer program. S e l e c t i o n  of t h e  c o n s t a n t s  depends on 
t h e  t y p e  of a i r c r a f t  be ing  conf igu red  - tilt r o t o r ,  stowed 
r o t o r ,  e t c .  - m a t e r i a l ,  and l e v e l  of t echnology .  S p e c i a l  de- 
s i g n  f e a t u r e s  such a s  f o l d i n g  r o t o r  b l a d e s ,  t i l t i n g  n a c e l l e s ,  
e t c .  a r e  s t u d i e d  i n d i v i d u a l l y  and i n p u t  a s  a v a r i a t i o n  of t h e  
c o n s t a n t  o r  i nc luded  a s  a d i r e c t  weight  i n p u t  i n  t h e  i nc remen ta l  
group weight  s e c t i o n  of t h e  VASCOMP weights  i n p u t  form. 
A d e t a i l e d  d e s c r i p t i o n  of t h e  VASCOMP we igh t s  sub - rou t ine  
appea r s  i n  Reference 15.  
Summary weight  s t a t e n e n t s  f o r  t h e  stowed r o t o r  and tilt r o t o r  
dessgn  p o i n t  a i r c r a f t  a r e  p r e s e n t e d  i n  Tab le s  3-1 and 3-2.  
The c o n f i g u r a t i o n  we igh t s  u t i l i z e  advanced composi te  m a t e r i a l s  
i n  t h e  s t r u c t u r e  (wing, f u s e l a g e  , eng ine  s e c t i o n )  and r o t o r  
assembly.  Advanced technology  h a s  been c o n s i d e r e d  i n  t h e  d r i v e  
system ( h i g h e r  Her tz  stress l e v e l s  i n  t h e  g e a r i n g  f o r  example) 
f o r  bo th  c o n f i g u r a t i o n s .  Weight s a v i n g s  of between 15  t o  20 
p e r c e n t  of t h e  i n d i v i d u a l  g roups  a r e  r e a l i z e d  through t h e  u s e  
of t h e  advanced m a t e r i a l s  and advanced technology .  
3 . 3 . 3  PERFORMANCE 
The performance c h a r a c t e r i s t i c s  of t h e  stowed r o t o r  and tilt 
r o t o r  a i r c r a f t  a r e  p r e s e n t e d  i n  t h e  fo l lowing  s e c t i o n s .  The 
d a t a  p re sen ted  i n c l u d e :  
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b. Hover C e i l i n g  
c.  Payload-Radius C a p a b i l i t y  
Payload-radius  performance i s  based  on  a n  a l t e r n a t e  "HI-LO-LO- 
H I "  SAR mis s ion  p r o f i l e .  The mis s ion ,  shown i n  F i g u r e  3-21, 
beg ins  a s  t h e  d e s i g n  m i s s i o n  does  w i t h  a c l imb  t o  20,000 ft/STD 
and c r u i s e  outbound a t  NRP. A t  t h e  60% r a d i u s  p o i n t ,  however, 
d e s c e n t  i s  t h e n  made (wi th  no r ange  c r e d i t )  t o  3000 ft/95OF 
and t h e  c r u i s e  i s  con t inued  a t  low a l t i t u d e .  Two speed condi-  
t i o n s ,  Normal-power speed and 99%-best-range speed ,  were con- 
s i d e r e d  f o r  t h i s  low-level  l e g .  Midpoint  a c t i v i t i e s  a r e  t h e  
same a s  t h e  d e s i g n  mis s ion .  The HI-LO p r o f i l e  i s  t h e n  r e v e r s e d  
f o r  t h e  r e t u r n  l e g .  
3 .3 .3 .1  Stowed Rotor A i r c r a f t  
3.3.3.1.1 F l i g h t  Envelope 
The e s t i m a t e d  f l i g h t  enve lope  f o r  t h e  stowed r o t o r  a i r c r a f t  i s  
p r e s e n t e d  i n  F i g u r e  3-22. The d a t a  a r e  p r e s e n t e d  f o r  19070 l b  
g r o s s  weight .  The a i r c r a f t  i s  i n  t h e  r o t o r s - f o l d e d  o r  fan-  
p r o p e l l e d  mode. 
3.3.3.1.2 Hover C e i l i n g  
F i g u r e  3-23 shows t h e  out-of-growad-effect  hover c a p a b i l i t y  
f o r  t h e  stowed r o t o r  a i r c r a f t .  The c u r v e s  a r e  based on a 10% 
t h r u s t  margin f o r  hover (T/W=1.1) which is  s u f f i c i e n t  t o  p r o v i d e  

























































































































































































































































































































































































































































































































GROSS WEIGHT: 19070 LB. 
NOTES : 
1, Standard Day 
2. Cruise Mode 
(Rotors Folded) 
100 20 0 300 400 5 0 0  
TRUE AIRSPEED - KT. 
FIGURE 3-22 :  STOWED ROTOR FLIGHT ENVELOPE 
\ \ NOTES : -- 








- 1-8594 LB 
A 
v ' 1 1 1 1 1 
14 15 16 17 18 19 20 
HOVER GROSS WEIGHT - 1000 Ld. 
FIGURL 3-23: STOWED ROTOR OUT-OF-GROUND-EFFECT HOVER 
CAPABILITY 
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l i m i t  i s  a t  t h e  m i l i t a r y  power t o r q u e  l e v e l  a t  5000 ft /95OF 
( S e c t i o n  3 . 2 . 1 . 3 ) .  
3.3.3.1.3 Payload-Radius  
Pay load - r ad iu s  c a p a b i l i t y  based  o n  t h e  HI-LO-LO-HI SAR m i s s i o n  
( F i g u r e  3-21) i s  shown i n  F i g u r e  3-24. C r u i s i n g  a t  low a l t i -  
t u d e  o v e r  a  p o r t i o n  o f  t h e  r a d i u s  h a s  a n  a d v e r s e  e f f o c t  o n  
pay load - r ad iu s  pe r fo rmance .  For  t h e  NRP c r u i s e  c a s e  t h e  
i n t e r n a l  f u e l  l i m i t  i s  r e a c h e d  a t  400 NM. A t  t h i s  d i s t a n c e  
t h e  a i r c r a f t  h a s  a  2300 l b  pay load  c a p a b i l i t y  which p r o v i d e s  
a  900 l b  pay load  marg in  o v e r  t h e  b a s i c  r e q u i r e m e n t .  The a i r -  
c r a f t  c o u l d  meet t h e  500 NM r a d i u s  r e q u i r e m e n t  w i t h  e x t e r n a l  
f u e l  o r  a i r - t o - a i r  r e f u e l i n g .  
3 .3 .3 .2  T i l t  Ro tor  A i r c r a f t  
3 .3 .3 .2 .1  F l i g h t  Envelope 
The f l i g h t  e n v e l o p e  f o r  t h e  tilt r o t o r  a i r c r a f t  i s  shown i n  
F i g u r e  3-25 f o r  15631  l b  GW. The a i r c r a f t  i s  c o n f i g u r e d  f o r  
t h e  c r u i s e  mode: n a c e l l e s  down and  a  r o t o r  t i p  speed  of 525 
i p s  (70% max.) . 
3.3.3.2.2 Hover C e i l i n g  
The ou t -o f -g round -e f f ec t  hover  pe r fo rmance  f o r  t h e  a i r c r a f t  
i s  shown i n  F i g u r e  3-26. Rotor  t i p  s p e e d  is  750 i p s  and a 
10% t h r u s t  marg in  (T/W=l.l) h a s  been  aesumed. The t r a n s m i s s i o n  
t o r q u e  l i m i t  i s  f i x e d  by t h e  20,000 f t  m i l i t a r y  power c r u i s e  
61 
PAYLOAD - LB 
NOTES : 
-
1 .  USAF SAR HI-LO-LO-HI 
N i s s i o n  P r o f i l e  ( F i g u r e  3 - 2 1 ] .  
2 .  Payload Carried Inbound 
Only.  
CRUISE AT SPEED FOR 
3000 , 
99% BEST RAiYGE 
(LOW-LEVEL SEGivlENTS ) 
2000 - NORMAL POWER - INTEXJAL FUEL LIMIT - 5452  LB 
I I 1 t 
0 160 260 300 400 50 0 600 
RADIUS - N.M. 
VIGURC 3 - 2 4 :  STOWLD ROTOR PAYLOAD - RADIUS CAPABILITY 
IiI-LO-LQ-HI SAR MIBBION PRCFILE 
D222-10060-1 
c o n d i t i o n  ( S e c t i o n  3 . 2 . 1 . 3 ) .  Consequent ly  t h e  tilt r Q t o r  can  
hover a t  h i g h e r  g r o s s  we igh t s  r e l a t i v e  t o  t h e  midpo in t  g r o s s  
weight  khan t h e  stowed r o t o r .  
3 .3 .3 .2 .3  Payload-Radius 
F igu re  3-27 shows t h e  mid-point  pay load - r ad ius  performance of 
t h e  tilt r o t o r  ba sed  on t h e  HI-LO-LO-HI mies ion .  Because t h i s  
a i r c r a f t  u s e s  less m i s s i o n  f u e l  t h a n  t h e  stowed r o t o r ,  it  bas 
a f l a t t e r  pay load- rad ius  cu rve .  
CROSS WEIGHT: 15631 LB 
NOTES : 
FIGURE 3-25: TILT ROTOR FLIGHT ENVELOPE 
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2. Cruise Mode ( i N = O O )  
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2 .  Rotor T i p  S p e e d :  7 5 0  FPS 
3. N i l i  t a r y  Power 
DESIGN GROSS 
- 15631 LB. 
dISSIOl4  MIDPOINT\ \ 
GROSS WEIGHT \ 
I 
11 
I 1 I I 




IIOVElt GROSS WEIGHT - 1 0 0 0  LB. 
FIGURE 3-26: T I L T  ROTOR OUT-OF-GROUND EFFECT HOVER 
CAPABILITY 
NOTES : 
1. USAF SAR HI-LO-LO-HI 
Mission Profile 




3000- CRUISE AT SPEED FOR 
99% BEST RANGE 









I 1 I 04- I I l I I 
0 100 200 300 400 500 
RADIUS - NM 
FIGURE 3-27: TILT ROTOR PAYLOAD-RADIUS CAPABILITY - 
SAR HI-LO-LC-HI MISSION PROFILE 
D222-10060-1 
4.0 PRELIMINARY DESIGN CF STOWED ROTOR RESEARCH AIRCRAFT 
4 . 1  DESIGN CONSIDERATIONS 
Three p o s s i b l e  approaches which would p rov ide  t h e  USAF wi th  a 
r e s c u e  demons t ra tor  were cons ide red :  
Bui ld  two complete  stowed r o t o r  r e s c u e  a i r c r a f t  
f o r  USAF i n  a d d i t i o n  t o  t h e  two tilt r o t o r  
r e s e a r c h  a i r c r a f t  p lanned f o r  NASA. 
Modify t h e  two NASA tilt r o t o r  a i r c r a f t ,  a f t e r  
comple t ion  of  t h e  NASA tests ,  t o  a stowed r o t o r  
c o n f i g u r a t i o n  f o r  USAF e v a l u a t i o n .  
Modify one o r  b o t h  of t h e  NASA tilt r o t o r  a i r -  
c r a f t ,  a f t e r  comple t ion  of  t h e  NASA tests .  t o  
p rov ide  a tilt r o t o r  r e s c u e  a i r c r a f t  f o r  USAF 
--
e v a l u a t i o n .  
The f i r s t  approach ,  b u i l d i n g  two complete  stowed r o t o r  a i r c r a f t  
f o r  t h e  USAF has  t h e  advantage cf prov id ing  USAF stowed r o t o r  
demons t r a to r s  e s s e n t i a l l y  independent  of  t h e  NASA program, and 
would provide  t h e  e a r l i e s t  USAF a i r c r a f t ,  s i n c e  t h e r e  i s  no 
need t o  w a i t  f o r  complet ion of NASA tests.  However, it i s  
a l s o  t h e  most expens ive  approach.  The o n l y  c o s t  b e n e f i t  d e r i v e d  
from t h e  NASA program would be i n  t h e  d e s i g n  a r e a .  S ince  i t  
has  been made c l e a r  t h a t  t h e  USAF cou ld  n o t  fund a s e p a r a t e  
demons t ra tor  program, t h i s  approach was n o t  pursued f u r t h n r .  
~222-10060-1 
The second approach ,  modifying t h e  NASA a i r c r a f t  t o  a  stowed 
r o t o r  c o n f i g u r a t i o n  a f t e r  complet ion of  t h o  NASA t e s t s , d o l a y s  
t h e  UEAF program, b u t  r e s u l t s  i n  a  s u b s t a n t i a l  c o s t  s av ing .  
The NASA f u s e l a g e  and l a n d i n g  g e a r  can  be used  w i t h  no modi- 
f i c a t i o n  o t h e r  t h a n  p rov id ing  a  h o i s t  i n s t a l l a t i o n  and some 
l o c a l  s t r u c t u r a l  r e in fo rcemen t  a t  t h e  a f t  end.  The wing can  
be  used w i t h  m o d i f i c a t i o n s .  The r o t o r  c o n t r o l  system 
can  be used a lmos t  unchanged. Th i s  approach was s e l e c t e d  f o r  
t h e  program d e f i n i t i o n  of  S e c t i o n  4 of t h i s  r e p o r t .  
The t h i r d  approach ,  modifying t h e  NASA a i r c r a f t  t o  a  tilt 
r o t o r  r e s c u e  c o n f i g u r a t i o n  a f t e r  comple t ion  of  t h e  NASA tes ts ,  
does  n o t ,  of  c o u r s e ,  p rov ide  t h e  USAF w i t h  a  stowed r o t o r  a i r -  
c r a f t .  The b a s i c  c a p a b i l i t i e s  and c h a r a c t e r i s t i c s  of t h e  tilt 
r o t o r  c o n f i g u r a t i o n  w i l l  b e  e s t a b l i s h e d  d u r i n g  t h e  NASA program, 
which w i l l  i n c l u d e  n o t  on ly  performance and f l y i n g  q u a l i t i e s ,  
b u t  a l s o  envi ronmenta l  e f f e c t s  such a s  downwash. A good 
g e n e r a l  e v a l u a t i o n  of t h e  s u i t a b i l i t y  of  t h e  tilt r o t o r  con- 
f i g u r a t i o n  f o r  t h e  r e s c u e  mis s ion  c o u l d  be o b t a i n e d  from t h e  
NASA d a t a  w i t h  no a d d i t i o n a l  e f f o r t .  T h i s  could  be supp le -  
mented by p rov id ing  a  r e s c u e  h a t c h  and winch, p e r m i t t i n g  both 
dummy and l i v e  pick-upo, and by i n s t a l l i n g  a  t u r r e t  f o r  
weapons f i r i n g  tes ts .  The  item^, however, a r e  r e l a t i v e l y  
s h o r t  l e a d  time, and would n o t  need t o  be i n i t i a t e d  b e f o r e  
f i r s t  f l i g h t  o f  t h e  NASA a i r c r a f t .  Th i s  approach was t h e r e -  
f o r e  n o t  purrued f u r t h e r  a t  t h i r  time* 
4 . 1 . 1  ENGINE SELECTION AND PLACEMENT 
A stowed r o t o r  a i r c r a f t  des igned  f o r  o p e r a t i o n a l  u se  would u s e  
t h e  c o n v e r t i b l e  c r u i s e  f a n  concept  f o r  p r o p u l s i o n  (see, f o r  
example, Reference  5 ) .  I n  t h i s  concept  a c o r e  eng ine  i s  used 
t o  d r i v e  a v a r i a b l e - p i t c h  f a n  ( such  a s  t h e  Hamilton-Standard 
"Q-Fan") o r  t h e  r o t o r s  depending on t h e  f l i g h t  mode. S i n c e  
f a n s  of t h i s  t y p e  a r e  n o t  y e t  a v a i l a b l e  on  t h e  p r o d u c t i o n  
b a s i s  (which was one of t h e  ground r u l e s  f o r  eng ine  s e l e c t i o n ) ,  
it was neces sa ry  t o  u s e  s e p a r a t e  e n g i n e s  f o r  c r u i s e  and hovcr 
f o r  t h e  demons t r a to r  a i r c r a f t .  The T-53 eng ines  were r e t a i n e d  
t o  power t h e  r o t o r s .  These were moved t o  t h e  underwing l o c a -  
t i o n  t o  p e r m i t  t h e  r o t o r  b l a d e s  t o  be  f o l d e d  f l a t  a long  t h e  
r o t o r  n a c e l l e s .  
No s p e c i f i c  performance c o n d i t i o n s  were s p e c i f i e d  a s  c r i t e r i a  
f o r  c r u i s e  eng ine  s e l e c t i o n .  I t  was cons ide red  Recessary t h a t  
t h e  a i r c r a f t  n o t  be t h r u s t - l i m i t e d  i n  c r u i s e  and d e s i r a b l e  t h a t  
it be a b l e  t o  approach t h e  drag-d ivergence  Mach number a t  h igh  
a l t i t u d e s .  
Two c a n d i d a t e  e n g i n e s  were found i n  t h e  d e s i r e d  t h r u s t  c l a s s  
(FN=3000  l b ,  SL/STD, s t a t i c ) .  These were t h e  G a r r e t t / A i r e s e a r c h  
TFE731-2 r a t e d  a t  3 5 0 0  l b  t h r u s t  and t h e  AVCO/~ycoming LW-301B 
r a t e d  a t  2 9 0 0  l b .  Both eng ines  gave  adequa te  performance b u t  
t h e  G a r r e t t  eng ine  e n j o y s  t h e  advantage  of  be ing  i n  an =dvanced 
s t a t e  of development.  S ince  it a l s o  gave  b e t t e r  performance,  
t h e  G a r r e t t  e n g i n e  was s e l e c t e d  f o r  t h e  c r u i s e  p r o p u l s i o n  r o l e .  
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S e v e r a l  l o c a t i o n s  were cons ide red  f o r  placement  of the c r u i s e  
engines .  The a f t  f u s e l a g e  l o c a t i o n  was r e j e c t e d  immediately  
because i t  would have c r e a t e d  s e v e r e  b a l a n c e  pro t lems  and be- 
cause  it would have r e q u i r e d  e x t e n s i v e  m o d i f i c a t i o n s  t o  t h e  
f u s e l a g e .  The underving l o c a t i o n ,  on t h e  o t h e r  hand, caused  
no ba l ance  problem arid would be  s i m p l e s t  t o  i n c o r p o r a t e  i n t o  
t h e  d e s i g n  of t h e  a i r c r a f t .  Consequent ly ,  t h e  c r u i s e  eng ines  
were p l aced  under  t h e  wing, f a r  enough ou tboa rd  t o  minimize 
f u s e l a g e - n a c e l l e  i n t e r f e r e n c e ,  b u t  c l o s e  t o  t h e  wing t o  p r o v i d e  
a  r i g i d  mount and n o t  i n f l u e n c e  t h e  t u r n o v e r  a n g l e .  
4 .1 .2  M I S S I O N  PROFILE 
A s imu la t ed  s e a r c h  and r e s c u e  mis s ion  was used  a s  a  b a s i s  f o r  
computing t h e  d e s i g n  g r o s s  and f u e l  we igh t s  f o r  t h e  a i r c r a f t .  
The mis s ion  p r o f i l e  used i s  shown i n  F i g u r e  4-1 .  Th i s  mi s s ion  
p r o f i l e  i s  des igned  t o  s i m u l a t e  t h e  u s e  of t h e  a i r c r a f t  t o  
i n v e s t i g a t e  a i r  t e r m i n a l  approach and d e p a r t u r e  o p e r a t i o n a l  
p rocedures  w i t h  t h e  s t o w e d / t i l t  r o t o r  a i r c r t f t .  
4 . l . 3  AIRCRAFT DRAG 
The p a r a s i t e  d rag  breakdown f o r  t h e  a i r c r a f t  is  shown i n  
Table  4 -1 .  The d r a g  a r e a  increments  f o r  t h e  f u s e l a g e ,  wing, 
empennage, and l and ing  g e a r  pods were t a k e n  from t h e  March 
1972 d rag  breakdown f o r  t h e  M222 T i l t  Rotor Research a i r c r a f t .  
New e s t i m a t e s  were made f o r  t h e  t i p  pod and r o t o r  engine  
n a c e l l e s .  The c r u i s e  engine  n a c e l l e  d r a g  increment  was 
[- NOTE 1 4 
Warm-up, t a x i ,  and t a k e o f f :  2 min @ maximum power 
Climb t o  10,000 f t  a t  m i l i t a r y  power and speed f o r  max R/C 
Cru i se  o u t  a t  speed f o r  99% b e s t  range  a t  10,000 f t .  
Takeoff ,  hover ,  o r  l and  a t  L/W=1.0 f o r  28 min. 
L o i t e r  f o r  5 min. 
Takeoff ,  hover ,  or land  a t  L/W=1.0 f o r  5 min. 
10% ( i n i t i a l )  f u e l  r e s e r v e  a t  end of  miss ion .  
NOTES : 
1. Climb/cruise  d i s t a n c e  determined by one-hour t o c a l  
f i i g h t  t ime d u r a t i o n .  
2.  A l l  o p e r a t i o n s  a t  s e a  l e v e l / s t d  c o n d i t i o n s  u n l e s s  
o the rwise  noted.  
3 .  S f c  i n c r e a s e d  5% pe r  MIL-L-5011A 
Figure  4-1 .  Research A i r c r a f t  Mission P r o f i l e  
-- 
D 2 2 2 - 1 0 0 6 0 - 1  
TABLE 4-1  
blIflIi4Ui4 PARASITE DRAG BREAKDOWN 3 0 0  KTS, 1 0 , 0 0 0 '  STD.,  M=.470 
Con£ igu;ation: S t o w e d  R o t o r  
R e s e a r c h  A i r c r a f t  , 2 6 '  R o t o r  
-* 
Re/£ t .  D r a w i n g  No. S K  2 4 8 1 3  
I 
I 
COMPONENT INCREMENT WETTED 
C f  
f e 
AREA % f e ( f t2 )  +
?US ELAGE 
3 - D i m e n s i o n a l  E f f e c t s  
E x c r e s c e n c e s  
C a n o p y  
Cross S e c t i o n  
R o u g h n e s s  3 . 0  . 0 2 4 7  1 . 1 0 4 6  
W I N G  3 6 0  . 0 0 2 6 7  . 9 6 0 7  
3-D E f f e c t s  6 7 .  . 6 4 4 0  
E x c r e s c e n c e s  7 .  . 0 6 6 9  
Gaps F l a p s ,  S l a t s  
A i l e r o n s ,  Spoi le rs  3 4 .  , 3 2 4 4  
Body I n t e r f e r e n c e  . 5 9 2 1  2 . 5 2 1 2  
HORIZONTAL TAIL 
3-D E f f e c t s  . l o 5 1  
E x c r e s c e n c a s  & G a p s  . 0 4 8 1  
I n t e r f e r e n c e  . 0 0 8 2  . 4 9 0 9  
VERTICAL TAIi., 8 7 . 6  . 0 0 2 7 7  . 2 4  27  
3 - D  E f f s i ~ s  . 0 6 1 9  
E x c r e s c e n c e s  & Gaps . 0 3 3 9  
I n t e r f e r e n c e  . 0 0 3 1 6  . 3 4 1 7  
NACELLES, ROTOR 2 2 0  . 0 0 2 2 9  . 5 0 4  
3-D E f f e c t s  8 . 4  . 0 4 2  
E x c r e s c e n c e s  2 3 . 0  . 1 1 6  
I n t e r f e r e n c e  1 5 . 6  . 0 7 9  
B l a d e s  ( F o l d e d )  3 0 . 5  . 1 5 4  , 8 9 5  
~ A C E L L E S ,  ROTOR ENGINE 
Discrete R o u g h n e s s  
E x c r e s c e n c e s  . 0 9 7 6  
I n t e r f e r e n c e  . 0 6 1 8  
I n l e t s  . 8 2 5 0  
B a s e  a n d  B o a t t a i l  . 2 0 6 4  1 . 4 0 7 2  
NACELLES, CRUISE ENGINE ' 1 2 0  1 . 0  
LANDING GEAR POD 9 2  . 0 0 2 4 4  . 2 2 4 5  
3-D E f f e c t s  . 0 3 5 1  
E x c r e s c e n c e s  . 0 7 3 3  
I n t e r f e r e n c e  . 0 6 6 6  . 3 9 9 5  
TOTALS 1 1 7 9  ' 8 . 1 6 0  
-. 
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o b t a i n e d  from t h e  e s t i m a t e  made f o r  t h e  p a r a m e t r i c  s tudy  
( S e c t i o n  3 .2 .1 .5) .  I t  was assumed t h a t  t h e  r o t o r  e n g i n e s  a r e  
s h u t  down i n  c r u i s e  and t h a t  t h e r e  i s  no f low through t h e  
n a c e l l e s .  A c t u a l l y ,  t h e r e  w i l l  be  some l eakage  through t h e  
engine  which would r educe  the  i n l e t  and b a s e  d r a g  increments  
b u t  t h e  no-flow c o n d i t i o n  was r e t a i n e d  f o r  conserva t i sm.  
4 . 2  AIWRAF? DESCRIPTION 
4 . 2 . 1  GENERAL 
The Stowed Rotor Research A i r c r a ' f t  ( F i g u r e  4 -2 )  i s  a conve r s ion  
of t h e  Boeing V e r t o l  Model 222 T i l t  Rotor Research A i r c r a f t .  
The stowed r o t o r  v e r s i o n  w i l l  u s e  e s s e n t i a l l y  t h e  same 26 f o o t  
d i ame te r  s o f t - i n - p l a n e  r o t o r  e x c e p t  t h a t  a new hub will 
be made t o  allow b l a d e  f o l d i n g .  The basic c o n f i g u r a t i o n  o f  
t h e  tilt r o t o r  w i l l  be r e t a i n a d  a l though  t h e r e  w i l l  be  d i f f e r -  
ences  i n  d e t a i l  d e s i g n  r e s u l t i n g  from t h e  a d d i t i o n  of t h e  c r u i s e  
eng ines ,  r e l o c a t i o n  of t h e  r o t o r - d r i v e  e n g i n e s ,  and i n c o r p o r a t i o n  
of  b l a d e  f o l d i n g .  
The a i r c r a f t  ha s  f o u r  eng ines :  two t o  d r i v e  t h e  r o t o r s  and 
two f o r  c r u i s e  p r o p u l s i o n  wi th  r o t o r s  f o l d e d .  The r o t o r s  a r e  
d r i v e n  by modi f ied  Lycoming T53-L-13B t u r b o s h a f t  e n g i n e s  r a t e d  
a t  1550 SHP. These a r e  mounted benea th  t h e  wings and d r i v e  
t h e  r o t o r s  th rough a  c r o s s - s h a f t e d  d r i v e  system. The c r u i s e  
eng ines  a r e  G a r r e t t / A i r e s e a r c h  TFE731-2 t u r b o f a n s  r a t e d  a t  
3500 l b  s t a t i c  t h r u s t .  These e n g i n e s  a r e  a l s o  mounted benea th  
t h e  wing inboa rd  of t h e  r o t o r - d r i v e  eng ines .  
73 
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I n  f l i g h t  t h e  r o i o r s  tilt from t h e  hover p o s i t i o n  ( r o t o r  
d i s c  h o r i z o n t a l )  t o  t h e  c r u i s e  poo i r ion  ( r o t o r  d i s c  v e r t i c a l ) .  
The turbofan  engines  a r e  then  brought up t o  c r u i s e  t h r u s t  and 
t h e  r o t o r  engines  a r e  s h u t  down and declu tched from t h e  r o t o r s .  
The r o t o r  b lades  a r e  then f e a t h e r e d  and t h e  r o l o r  slowed t o  a  
s top .  The b lades  a r e  t h e c  fo lded  and stowed a s  d e a x i b e d  i n  
Sec t ion  3.3.1. This  procedure is r e v e r s i b l e  a t  any p o i n t  t o  
enable  t h e  a i r c r a f t  t o  r econver t  a;A r e t r a n s i t i o n  t o  t h e  hover 
conf igura t ion .  
The c o n t r o l  systems of t h a  tilt r0t.a resea rch  a i r c r a f t  w i l l  
be u t i l i z e d  i n  t h e  stowed r o t o r  a i r c r a f t .  C o l l e c t i v e  and 
c y c l i c  p i t c h  of t h e  r o t o r s ,  toge the r  wi th  n a c e l l e  tilt, prcvide  
c o n t r o l  power i n  hover.  I n  t h e  c r u i s e  mode, c o n t r o l  i s  by 
conveat ional  a i r p l a n e  e l e v a t o r s ,  rudder ,  f l a p e r o n s  and s p o i l e r s .  
Leading edge "umbrella" f l a p s  and l a r g e  de f l ec t io f i  t r a i l i n g -  
edge f l a p s  reduce download and ground e f f e c t  tu rbu lence  i n  
hover. Operat ion of f l a p s ,  umbrel las  and e l e v a t o r s ,  a s  we l l  
a s  phasing ou: oi t h e  r o t o r  c o n t r o l s ,  i s  programmed t o  r e l i e v e  
p i l o t  workload. A l i m i t e d  a u t h o r i t y  s t a b i l i t y  avgrnentation 
syskern (SAS) inc ludes  feedback from ang le  of a t t a c k ,  yaw ang le  
and dynamic p r e s s u r e  dur ing  hover and 8TOL c o n d i t i o n s .  This  
provides  inc reased  s t a t i c  s t a b i l i t y  and reduces b lade  loads  
t o  i n c r e a r e  f a t i g u e  msrginn. The a i r c r a f t  can be flown with 
t h e  feedback system inopera t ive .  
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4 .2 .2  DESIGN MODIFICATIONS TO TILT ROTOR RESEARCH AIRCRAFT 
r he uSAF stowed r o t o r  r e s e a r c h  a i r c r a f t  d e s i g n  c o n c e p t  i s  b a s e d  
on '1.; Boaing V e r t o l  M222 T i l t  Ro tor  R e s e a r c h  A i r c r a f t .  To k e e p  
cos ts  t o  a minimum, t .he  maximum number o f  parts common t o  t h e  
k222 a i r c r a f t  w i l l  be used.  
I n  o r d e r  c c  a c h i e v e  t h i 2  t h e  f o l l o w i n g  changes  w i l l  be ma62 t o  
t h e  M222. 
4 .2 .2 .1  D r i v e  System 
4.2 .2 .1 .1  Rotor  D r i v e  a.12 Fqgi?e  
The e n g i n e  n a c e l l e  In  i t s  p r e s e n t  l o c a t i o n  on the M222 p r e v e n t s  
b l a d e  f o l d i n g  s o  t h e  T53-L-13B e n g i n e  .md cacelle must  be 
r e l o c a t e d .  I t  is proposed  t h a t  t h e y  b e  mounted j u s t  i n b o a r d  
0 5  t h e  t i l t  n a c e l l e  b e n e a t h  t h e  wing a t  a b o u t  W/S 160. Tne 
I 
wing m u s t  b e  m o d i f r e d  e x t e n s i v e l y  t o  accommcdate e n g i n e  mount:.ng; 
r e o r  i e n t a t i o n  o f  t h e  m o d i f i e d  e n g i n e  t r a n s m i s s i o n  and new 
# 
i n - l i n e  b e v e l  t r a n s m i s s i o n  w i t h  a n  j v e r r u n n i n g  c l u t c h  mechanism 
i n c o r p o r a t e d .  The e x i s t i n g  i n t e r i m  b e  el t r a n s m i s s i o n  i s  moved 
from t h e  o c t b o ~ r d  p i v o t  p o s i t i o n  t o  +-he i n b o a r d  p o s i t i o n  and a 
new I COX capacL?.y p i n i o n  c a r t r i d g e  is p lugged  i n t o  t h e  i n b o a r d  
s i d e  of  t h e  main t r a : ~ s m i s s i o n .  one hundred p e r c e n t  (lo@/,) 
c a p a c i t y  s h a f t i n y  is r e q u i r e d  from t h e  e n g i n e  t o  t h e  r o t o r  
t r a n s m i s s i o n .  The e x i s t i n g  50"$ c a p a c i t y  c r o s s  s h a f t i n g  is 
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used between t h e  in - l ine  beve l  boxes t h u s  maintaining t h e  
one engine inopera t ive  c a p a b i l i t y .  The f u e l  cells a f  f ec ted  
l o c a l l y  by t h e  engine r e l o c a t i o n  would have t o  be modified 
z ~ r  c learance .  Rerouting of lube  l i n e s  and engine c o n t r o l s  
wo Id be r.: m s s a r y  as would redes ign  o f  t h e  engine mounting 
and cng i n e  nace 1 l e  f a i r  ing s . 
4.2.2.1.2 Rotor ~ u b  and Nacel le  
A new fo ld ing  r o t o r  hub i s  r e q u k e d  along wi th  an  e x t e n s i v e  
developmental test program. The o p e r a t i o n  o f  t h e  proposed 
f c l d i n g  r o t o r  hub shown i n  Figure 3-15 is descr ibed i n  Sec- 
.:ion 3.3.1. A s tacked bea r ing  r e t e n t i o n  system is  used because 
t h e  magnitude of  c o l l e c t i v e  p i t c h  r e q u i r e d  t o  f e a t h e r  t h e  b lades  
cannot be accommodated by t h e  e x i s t i n g  e l a s t o m e r i c  design.  The 
e l a s t c n e r  i c  bushings become excess ive  i n  l e n g t h  when designed 
t o  t h e  l a r g e r  c o l l e c t i v e  range and cannot be housed i n  t h e  
~ v a i l a b l e  space. Redesign o f  t h e  b lade  socket  is requ i red  b u t  
t h e  b a s i c  b lade  c o n s t r u c t i o n  may be used as is. The inboard 
t r a i l i n g  edge of t h e  cu f f  must be modified t o  provide  c l e a r -  
ance wi th  t h e  upper c o n t r o l s  i n  t h e  i n i t i a l  s t a g e  of  fo ld ing .  
A new p i t c h  l i n k / a c t u a t o r  which r r i s t  be developed and exten-  
s i v e l y  t e s t e d  is requi red  t o  provide t h e  f e a t h e r  p i t c h  c a p a b i l i t y  
wi thout  an  inc rease  i n  t h e  space r e q   ired f o r  upper cor.+rols. 
A p r t  from t h e  p i t c h  l i n k  change, t h e  upper c o n t r o l s  remain a s  
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designed.  A r o t o r  hub indexing mechanism is requ i red  t o  index 
t h e  r o t o r  b lades  i n t o  t h e  c o r r e c t  p o s i t i o n  fo r  fo ld ing.  ~ r h e  
n a c e l l e  r e a r  f ixed  f a i r i n g  must be redesigned t o  provide a 
support  s t r u c t u r e  and b lade  secur ing  lock  mechanism f o r  t h e  
f o l d m  b lades .  The forward n a c e l l e  which is t h e  t i l t i n g  por- 
t i o n  r e q u i r e s  an e x t e n s i v e  f a i r i n g  change t o  provide a f l u s h  
plz.tform f o r  t h e  fo lded b lades .  The tilt a c t u a t o r  system can 
be used a s  is. 
4.2.2.1.3 Rotor ~ r a n s m i s s i o n  
A r edes ign  i n  t h e  r o t o r  t ransmiss ion  is reql uired t o  
accommodate t h e  r o t o r  fo ld  a c t u a t o r  and servovalve system. 
Removing t h e  input  p in ion  from t h e  outboard s i d e  and blanking 
t h e  outboard s i d e  is a l s o  requ i red .  Redesign of  t h e  sp inner  
i s  then necessary t o  f a i r  t h e  folded hub. The i n s t a l l a t i o n  
o f  appropr ia te  hydrau l i c  l i n e s  and fo ld  p o s i t i o n  i n d i c a t o r s  
completes t h e  n a c e l l e  changes. 
4.2.2.1.4 C r u i s e  F l i g h t  Jet  Thrus t  Engine 
The engines  used f o r  t h e  c r u i s e  conf igura t ion  and dur ing  t h e  
fo ld ing  of t h e  r o t o r s  a r e  ~ a r r e t t - A i r e s e a r c h  TFE-731-2 Turbo- 
fans .  These engine n a c e l l e s  w i l l  be pos i t ioned  immed i a t e l y  
beneath t h e  wing a t  approximately W/S 110. This  l o c a t i o n  
was p r e f e r r e d  t o  a  l o c a t i o n  on t h e  a f t  fuse lage  which creates 
an a i r c r a f t  ba lancing problem and would r e q u i r e  e s t e n s  i v e  
rework t o  t h e  a f t  fuse lage .  
The engine n a c e l l e s  are kept  c l o s e  t o  t h e  wing i n  o rde r  t o  
r e t a i n  an adequate a i r c r a f t  turnover  ang le  and t o  minimize 
t h e  e f f e c t  of  t h e  jet t h r u s t  vec to r  on t h e  a i r c r a f t  t r i m .  
This  i n s t a l l a t i o n  r e q u i r e s  l a c a l  s t r eng then ing  of  t h e  wing 
t o  t ake  t h e  shear  loads  induced by engine weight and t h r u s t  
lqads.  
4.2.2.1.5 Empennage 
The empennage r e q u i r e s  complete r edes ign  t o  t h e  "T" t a i l  con- 
f i g u r a t  on. The o r i g i n a l  p o s i t i o n  of t h e  h o r i z o n t a l  s t a b i l -  
i z e r s  would have caused adverse a f f e c t s  due t o  t h e  impinge- 
ment o f  t h e  turbofan  exhaust .  Redesign of  new e l e v a t o r s  and 
c o n t r o l  l inkages  i n  t h e  a f t  fuse lage  w i l l  be r equ i red .  
4.2.2.1.6 Wing 
I n  a d d i t i o n  t o  t h e  reinforcement  desc r ibed  i n  Sec t ions  4.2.2.1.1 
and 4.2.2.1.4, changes w i l l  be r equ i red  i n  both  t h e  download 
a l l e v i a t i n g  umbrel las  and t h e  f l ape rons .  These changes a r e  
necessary because of t h e  r e p o s i t i o n i n g  of t h e  T53-L-13B n a c e l l e  
and t h e  a d d i t i o n  of t h e  TFE-731-2 n a c e l l e .  Changes t o  t h e  
umbrella s e c t i o n  a r e  necessary f o r  opening c lea rance  wi th  t h e  
TFE-731-2 turbofan  engine and w i l l  i nc lude  lengthening t h e  
outboard s e c t i o n  and shor ten ing  t h e  inboard s e c t i o n .  S t a t i o n -  
a ry  f a i r i n g s  a r e  then  requ i red  immediately above t h e  engine.  
The f l ape rons  w i l l  be modified t o  prevent  shrouding t h e  T53-L- 
1 3 B  exhdust dur ing  hover o p e r a t i o n  by lengthening t h e  inboard 
f l a p  and shor tening t h e  outboard f l a p .  Again a s t a t i o n a r y  
t r a i l i n g  edge f a i r i n g  i s  requ i red  immediately above t h e  engine.  
4.2.2.1.7 Fuselage 
Only minor changes t o  t h e  fuse lage  a r e  requi red .  Changes 
t o  t h e  cockp i t  inc lude  t h e  a d d i t i o n  of  c r u i s e  engine c o n t r o l s  
and instruments  and t h e  c o n t r o l s  and ins t ruments  requi red  f o r  
t h e  r o t o r  f o l d  system. Some s t r u c t u r a l  reinforcement  may be 
requi red  i n  t h e  a f t  fuse lage  t o  suppor t  t h e  T - t a i l .  Also,  it 
may be necessary  t o  add fuse lage  f u e l  cells t o  accommodate t h e  
requi red  f u e l  load.  New landing g e a r  and beef  up of  t h e  
landing gear  a t t a c h  p o i n t  and suppor t  s t r u c t u r e  is  requi red  t o  
accommodate t h e  h igher  g r o s s  weight. 
I 
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4 . 2 . 2 . 2  USAF Search and Rescue Demonstrator 
I t  is  proposed t h a t  t h e  stcwe:i and/or tilt r o t o r  r e s e a r c h  
a i r c r a f t  be modified a s  shown i n  Figure 4-3 t o  demonstrate 
t h e  rescue c a p a b i l i t y  of +e stowed r o t o r  veh ic le .  
The prepara t ion  of t h i s  demonstrator w i l l  i nc lude  t h e  i n s t a l l a -  
t i o n  of a rescue winch and cab le  similar t o  t h a t  of t h e  CH-46 
and the  i n s t a l l a t i o n  of a l l  app l i cab le  e l e c t r i c a l  and hydrau l i c  
subsystems. 
The rescue cab le  w i l l  pass  through a system of pu l l eys  e x i t i n g  
from cabin door. The c a n t i l e v e r  door n e c e s s i t a t e s  t h e  
redesign of t h e  door ape r tu re  s t r u c t u r e  t o  i nc rease  t h e  
load carrying capab i l i t y .  
Since t h e  l i t ters  w i l l  not  be requi red  f o r  t h e  r e scue  demon- 
s t r a t i o n ,  sample i n s t a l l a t i o n  only  w i l l  be made which w i l l  de- 
monstrate t h e  method of i n s t a l l a t i o n .  
4.2.3 WEIGHTS 
The weight empty of t he  stowed r o t o r  research  a i r c r a f t  is  
11,589 pounds. It was developed using t h e  Boeing-Vertol Model 
222 tilt r o t o r  research a i r c r a f t  group weight s ta tement  (Weight 
Empty 9230 pounds) a s  a base,  Reference 2. The tilt r o t o r  weight 
was adjusted a s  necessary t o  r e f l e c t  t h e  modi f ica t ions  asso- 
c i a t ed  wi th  t h e  stowed r o t o r  conf igura t ion  as desc r ibed  i n  
Section 4.2.2. Table 4 -2  p re sen t s  t h e  Model 222 group weights ,  
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a gsneral description of the changes required to make a stowed 
rotor configuration and the resulting grouF weights of the 
stowed rotor aircraft. 
The design gross and fuel weight solution for the aircraft 
was obtained by plotting fuel weight required and fuel avail- 
able versus gross weight as shown in Figure 4-6. Fuel re- 
quired is shown for the basic one-hour mission and one with a 
six minute reduction in duration. Fuel available lines are 
shown for three values of instrumentation weight. The design 
gross weight, corresponding to a 1000 pound instrumentation 
payload (consistent with the March 1972 study) and a one hour 
mission is 15,750 pounds. Fuel required is 2726 pounds. 
The sensitivity of gross weight and fuel required to instru- 
mentation payload and mission duration can be directly read 
from the curves of Figure 4-4. The following values are ob- 
tained: 
INSTRUMENTATION GROSS WEIGHT/FUEL WEIGHT LB 
WEIGHT - 1-HR DUR. .9-HR DUR. 
7 
*=Design Gross Weight 
The performance characteristics of the stowed rotor research 












1. Simulated  terminal OPS 
Mission (Figure 4-1). 
DESIGN POINT 
- 15750 LB 
5 8 
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GRQSS WEIGHT - LB 
FIGURE 4-4: STOWED ROTOR RESEARCH AIRCRAFT DESIGN 
BROSS WEIGHT SOLUTION 
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Out-of-ground-effect  hover c a p a b i l i t y  a t  L/W=l.O i s  shown i n  
F igu re  4-5 f o r  s t a n d a r d  and 9S°F day c o n d i t i o n s .  The download/ 
t h r u s t  r a t i o  h a s  been i n c r e a s e d  by one p e r c e n t  o f  t h r u s t  over  
t h e  tilt r o t o r  r e s e a r c h  a i r c r a f t  (See References  1 and 2 )  t o  
6 % .  The a d d i t i o n a l  1% i s  e s t i m a t e d  t o  accoun t  f o r  t h e  add i -  
t i o n  of t h e  c r u i s e  eng ine  n a c e l l e s  and t h e  r e s u l t i n g  r e d u c t i o n  
i n  download d e v i c e  a r e a  ( f l a p s  and umbre l l a s )  . 
Maximum OGE hover g r o s s  weight  f o r  s e a  l e v e l ,  s t a n d a r d  day 
c o n d i t i o n s  i s  15,300 pounds. S ince  t h i s  i s  less t h a n  t h e  
d e s i g n  g r o s s  weiqht  of 15,750 pounds, it w i l l  be  neces sa ry  t o  
make a STOL t akeo f f  f o r  t h e  f u l l  one hour r e s e a r c h  m i s s i o n  of  
F igu re  4 - 1  w i t h  t h e  1000 pound i n s t r u m e n t a t i o n  package.  Ground 
r o l l  w i l l  be approximate ly  140 f e e t  and d i s t a n c e  ove r  a 50 f o o t  
o b s t a c l e  w i l l  be 300 f e e t .  VTOL t a k e o f f  can  be made i f  t h e  
f u e l  l oad  i s  reduced t o  2426 pounds and t h e  g r o s s  weight  is  
reduced t o  15,300 pounds. Miss ion  d u r a t i o n  under  t h e s e  condi-  
t i o n s  shown i n  F i g u r e  4 - 1  a r e  h o l d  c o n s t a n t  (35 minutes  and 5 
minutes  r e s p e c t i v e l y )  and on ly  t h e  c r u i s e  t ime  i s  reduced  (from 
1 7  minutes  t o  6 m i n u t e s ) .  However, a one hour m i s s i o n  c a n  b e  
flown w i t h  VTOL t akeo f f  a t  15,300 pounds g r o s s  weight  by re- 
ducing t h e  t o t a l  hover t ime from 35 minutes  t o  1 9  minu te s  and 
i n c r e a s i n g  t h e  c r u i s e  t i m e  from 6 minutes  t o  33 minutes .  I n  
a l l  c a s e s ,  time t o  c l imb i s  approximate ly  3 minutes .  
Level f l i g h t  performance i s  summarized i n  F i g u r e  4-6.  Pre-  
s e n t e d  a r e  speed and Mach number enve lope  and s p e c i f i c  r ange  
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d a t a  f o r  15750 l b  g r o s s  weight  and s t a n d a r d  day c o n d i t i o n s .  
The a i r c r a f t  i s  i n  t h e  r o t o r s - f o l d e d  c o n f i g u r a t i o n  w i t h  f a n  
engines  o p e r a t i n g .  
The speeds  shown cover t h e  range  from s t a l l  t o  normal power 
speed. The a i r c r a f t  i s  a c t u a l l y  d e s i g n  l i m i t e d  t o  350 KEAS 
o r  M1.567; t h e  h i g h e r  normal power speed i s  shown t o  i n d i c a t e  
t h e  u l t i m a t e  speed c a p a b i l i t y  o f  t h e  a i r c r a f t .  
The d r a g  d ive rgence  Mach number f o r  t h e  a i r c r a f t  i s  also shown 
f o r  r e f e r e n c e .  The v a l u e s  shown are c o n s i s t e n t  w i t h  t h e  63- 
series a i r f o i l  used i n  t h e  Model 222  tilt r o t o r  wing. A s  no ted  
i n  S e c t i o n  3.2.1.2, however, MDD cou ld  be  r a i s e d  somewhat by 
us ing  a n  advanced a i r f o i l .  
B e s t  c l imb performance a t  15750 l b  GW i s  shown i n  F igu re  4-7 
f o r  s t a n d a r d  day c o n d i t i o n s .  The r e s u l t s  i n d i c a t e  very  sub- 
s t a n t i a l  c l imb c a p a b i l i t y  w i t h  an  a b s o l u t e  c e i l i n g  i n  excess  
of 35,000 f t .  
NOTES : 
\ 
\ 2. VTIP= 7 5 0  FPS 3. 6% DOWNLOAD 
NE OWE 
(11589) (12024) 
HOVCR GROSS WEIGHT - 1 0 0 0  LB.  
FIGURE 4 - 5 :  STOWED ROTOR RESEARCH AIRCRAFT OUT-OF-GROUND- 
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FIG-3RE 4-6. STOWED ROTOR RESEARCH k1, 
PERFORMANCE SUMMARY - 15 
MACH NUMBER ENVELOPE S P E C I F I C  RANGE 
NOTES : 
-
1. STANDARD DAY 
2 .  ROTORS FOLD:, 
3 .  FAN PROPULSI 1:; 
MODE 
. 2  .4 .6 .8 
FLIGHT MACH NUMBER 
. 1  .2  . 3  
S P E C I F I C  RANGE - NMPP 
'ESEARCH AIRCRAFT LEVEL FLIGHT 
UMMARY - 1 5 , 7 5 0  LB. GW 
~OLTN7UT FRAME 2 
ALTITUDE 
- FT.  
NOTES : 
1. S t a n d a r d  Day 
2 .  R o t o r s  F o l d e d  
3. F a n  P r o p u l s i o n  Mode 
4. M i l i t a r y  T h r u s t  
0 1000 2000 3000 4000 5000 
MAXIMUM RATE OF CLIMB - FPM 
FIGURE 4-72 STOWED ROTOR RESEARCH AIRCRAFT CLIMB 
PERFORMANCE - 15750 LB. GW. 
5.0 PROGRAM COSTS AND SCHEDULES 
Section 5.0 of this volume, comprising pages 91 to 110 
has been removed since it contained information considered 
proprietary to the Boeing Vertol Company. 
PRECEDING PAGESBLANK NOT F I L ~  
6.0 WIND TUNNEL TEST PLAN FOR A FULL SCALE 
STOWED ROTOR RESEARCH AIRCRAFT 
6.1 OBJECTIVES 
1. Define the aerodynamic characteristics of the 
aircraft in the cruise configuration 
(rotors folded) . 
2. Verify the dynamic characteristics of the 
rotor/wing combination for steady windmilling 
conditions. 
3 .  Confirm the power-on stability, control, and 
performance from hover, through transition, 
to maximum tunnel speed. 
4 .  Define the collective pitch schedule to 
minimize transient longitudinal force and 
blade loads during rotor spin-up and stopping. 
5. Demonstrate cruise engine start-up. 
6. Define overall longitudinal force transients 
during thrust transfer from rotors to cruise 
engines, spin-down, and folding to optimize 
the conversion process and define pilot work- . 
load. Also define these characteristics during 
conversion from cruise engine mode to rotor mode. 
MOUNTING 
The model suppor t  s t r u c t u r e  a t  t h e  Ames 4 0 t x 8 0 '  wind t u n n e l  
i s  a th ree -po in t  suppor t  system. A recommended i n s t a l l a t i o n  
c,i t h e  stowed r o t o r  a i r c r a f t  is  shown i n  F igure  6-1. This  
 stern is based on minimizC.~g s t r u t / s t r u t / a i r f r a m e  aerodynamic 
i n t e r f e r e n c e  and e l i m i n a t i n g  mechanical i n t e r f e r e n c e  dur ing  
t h e  f o l d i n g  tests. I t  is  a d i f f e r e n t  mounting system from 
t t . 3 t  proposed f o r  t h e  tilt r o t o r  a i r c r a f t  t e s t ,  because t h e  
s t r u t s  from t h a t  mount a t t a c h  outboard on t h e  wing and w o d d  
i r . t e r fe re  wi th  t h e  c r u i s e  engine n a c e l l e  and wi th  t h e  r o t o r  
bl.ades dur ing  fo ld ing .  For t h e  stowed r o t o r ,  t h e  forward 
suppor t  s t r u t s  a r e  a t t ached  t o  t h e  main landing gear  a t t a c h -  
ment s t r u c t u r e .  Modif ica t ions  have been made t o  t h e  forward 
suppor t  s t r u t s  t o  i n c o r p o r a t e  both  l a t e - a 1  and l o n g i t u d i n a l  
crank,  p o s i t i o n i n g  t h e  v e r t i c a l  members approximately 5 f e e t  
spanwise f r l i i  t h e  f u s e l a g e  c e n t e r l i n e  and mainta in ing t h e  
a i r c r a f t  c e n t e r  of g r a v i t y  a t  t h e  v i r t u a l  c e n t e r  of t h e  tunne l  
balance.  
An a rda lys i s  of t h e  dynamic response of t h e  a i r c r a f t  on t h i s  
mounting sysiam w i l l  be performed. This  w i l l  e s t a b l i s h  t h e  
mount s' i.rfness r equ i red  t o  prevent  t h e  coalescence of t h e  
a i r f rame and r o t o r  n a t u r a l  f r equenc ies .  
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6.3 INSTRUMENTATION AND DATA REQUIREMENTS 
A list oE the instrumentation and data required is shown in 
Table 6-1. Since the model is a fully-instrumented research 
aircraft, the majority of the required instrumentation is in- 
tegral to the aircraft. Modifications will be made to the on- 
board instrumentation system to permit remote display of the 
key parameters. In addition, a remote control and display 
panel will be utilized for external monitoring and control of 
the following aircraft functions: 
a. Flight controls, both airplane and rotor 
b. Engine controls for both turbofan and 
turboprop engines 
c. Controls for rotor folding 
d. Remote display of selected data 
Conventional data recording and reduction will be carried out 
on-site at the wind tunnel. Key data will be reduced and re- 
corded on-line in standard format. 
6.4 TEST APPROACH 
The model will be tested with the rotors in the folded con- 
figuration to verify predicted levels of stability and control 
and total airplane drag. Tests will be conducted with rotors 
windmilling (unpowered) at the high speed end of transition 
and up to 200 kts to confirm the predicted aero-elastic 
stability levels. Powered-rotor testing will then be conducted 
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TABLE 6-1 
STOWED ROTOR INSTRUMENTATION AND DATA REQUIREMENTS 
TYPE OF DATA 





m e s  1 
3. Control Positions 
4. Aircraft Attitude 
and Accelerations 
5 .  Rotor Non-Rotating 
Control Systems 
Loads (~0th Rotors) 
6. Rotor Rotating 
Control Systems 
Loads (Both Rotors) 
INSTRUMENTATION AND DATA REQUIREMENTS 








Pitch Angle/Yaw Angle 
Fuel Flow 
Fuel Temperature 
Com ressor Speed (N1) 








$,washplate Position and Angle 
Blade Fold Angle Indicator 
Elevator 
Rudder 
Actuator Positions including 
Nacelle Tilt Actuator 
Pitch Attitude 
Yaw Attitude 
Vertical Accelerations - Nacelle 
Longitudinal Accelerations - Na~elle 
Angular Accelerations - Nacelle 
Main Actuators - Tension 
- - -  - 
Pitch Link 1 
Pitch Link 2 Tension 
Pitch Link 3 
TABLE 6 -1  (continued) 
STOWED ROTOR INSTRUMENTATION AND DATA REQUIREMENTS 
TYPE OF DATA 
7 .  Rotor Shaf t  Loads 
8.  Blade Loads 
(Both Rotors) 
9 .  A i r c r a f t  Loads 
- 
10. A i r c r a f t  Control  
Loads 
11. Tota l  A i r c r a f t  
Force 61 Moment 
Data 




Cross Shaf t  Torque 




Nacelle Pi tching Moment 
Nacelle Yawing Moment 
Wing V e r t i c a l  Bending 




Spoi le r  
- 
L i f t  
Drag 
Sidef o rce  
P i tch ing  Moment 
Roll ing Moment 
- Yawing Moment - 
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t o  d e f i n e  t h e  a i r c r a f t  s t a b i l i t y ,  c o n t r o l ,  and performance 
throughout t r a n s i t i o n .  
The next  s e r i e s  af t e s t s  w i l l  cover t h e  spin-up from f e a t h e r e d  
condi t ion  and t h e  spin-down from windmil l ing s t a t e  t o  r o t o r  
f e a t h e r .  The o b j e c t i v e  w i l l  be t o  r e f i n e  t h e  c o l l e c t i v e  pit:h 
schedules r equ i red  t o  minimize t r a n s i e n t  l o n g i t u d i n a l  f o r c e s  
during t h e  conversion and t o  e s t a b l i s h  t h e  e f f e c t s  on a i r c r a f t  
s t a b i l i t y .  
Cruise  engine s t a r t - u p s  w i l l  be demonstratsd and engine per-  
formance w i l l  be monitored. 
A s e r i e s  of t e s t s  w i l l  t hen  be performed t o  s imula te  a  f u l l  
conversion from r o t o r  mode t o  c r u i s e  engine mode. The sequence 
and t iming of t h e  even t s  w i l l  be s t u d i e d  t o  opt imize  t h e  con- 
v e r s i o n  process  and t o  d e f i n e  t h e  p i l o t  workload. A t y p i c a l  
sequence of even t s  and t h e  r e s u l t i n g  l o n g i t u d i n a l  f o r c e  h i s t o r y  
i s  shown i n  Figure  6 - 2 ,  The conversion from c r u i s e  engine 
mode t o  r o t o r  mode w i l l  a l s o  be s t u d i e d .  
The t e s t  i s  est2.mated t o  r e q u i r e  t h r e e  weeks, double s h i f t  
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